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Agricultural Research in India 


Iinpuiiiil CotiiU'il of A.u'i ionllural Rusc-arcli 
ooiicUidud its ninlh workiiiu’, year (,n 31 si Marrli, 
in.V). Tile aiMiiud report for llie period ist April, 
i(»;vS lo ,^isl .Mareli, Kj.ai, wliieli we leeeived a few' 
iiiontlis bark, .nives as usual an aeeoinil of Uk* laii;e 
aiiioiiiil «)t uselul leseaielies and olliei ac'livilies l‘oii- 
»lucted under ils ae.u^is. 'i'lu- Couiieil llnaiieed u? 
selieiiies eiuploviiiLi about seieiitilie workers and 
siteiil mole than lU lakhs of rujiees. We are L\lad to 
luitu* that a eess on aip-icultural exports has been 
imposed ; this will imjirox-e the financial i»ositi(»ii of 
the Couneil. The annual report serves as a handy 
reference to the various activities of the Council. 
1 here are al.-'O three joinnals, mainlv for the 
seieiitilie in\ estii^ators, publishe<l by the Ctunieil 
and recently a pojmlai nionthl\’ jouiual “/adani 
hnnii'ni^” dealiuix with the subjects iii a more 
elementary wav has been added t«) the list. It 
i- not, howew'r, ea.sy to form an idea of the actual 
I*roerev,s of the selkiiies from the annual rep<Jit and 
tile journals. 'I'lie report in itself does not seem sulli- 
cieiit lor the purpose. When we consider the vast 
aiA‘as aiuj the wide divergences in climatic and soil 
comlitions with their special iirobleins, the colossal 
losses caused by erosion, by leacliin.*; Iw water, by 
e.vtraclive farmiii.ii, by the soil-depletin'; crops, and 
the backwardness of our ai;i ieultural practices, one 
cannot but feel that the time has coii.C for the 
Council to review the whole position and evolve more 
definijely a policy of its own and advise the ('.lAerii' 
ineift accordin3i>ly,* 


Steps sliould be t.ikell to ensure a luoie eMer.ee- 
tic and better c'<»-ordinated tlii\e all alone the front, 
with a view to the elimination of the weak spots in 
the ineseiit 01 eanisations in tin* Centre and’ in the 
]»rovim\s lor research, eiliu'ation, adsisruy work, and 
pioj»a.eanda, and lemodellin.e all tlusi- activities in 
the Ji.eht «d’ expeiience. 'rhrou.eh tin* elTorts of the 
Council, a framework of a-ei ictdtural research has 
been built up and tlie experience gained should now 
enable it, with the IkIj* of its (W\n ri'souri'es, of the 
pro\inces and of distinguished non-ofli(M’al scientists, 
to <lraw up a comj)i eheiisixe proeraninu-. 'I'he public 
as well should be kept better informed of the present 
l>osition, the problems and the ]»ossibilities of their 
solution. lA'eiv Near useful inftirmatioii and data 
are collected and it seems to us that seiiarate 
periodical reviews »)f this stock of information and 
tlk* proi;ress made in the separate s(;hemes will be 
Vel'N' Ik-lpful. ^riiese iew s need not be published 
a.niiuallv, but every three or llvj,* yN;,ars, and should 
contain a I'kai statement of the i>robk-ms and the 
pro;;ress and achieN'enieiits made so far. • Wc' are sure, 
such revii-ws will be much appreciated by the .general 
pid)lic. 'rik-v need not be merely pt>pular expositions 
but }-houhl be accomi)anied by a sunnnarv in non- 
technical lan.L:uaji;e. The inclusion trf accounts of 
the work related to tlk* major scheme.s which ’nave 
been done elsewhere w ill materially enable technical 
ami ijoii-technical nun to appiaise our efTmts and^ 
achievements as far as their essential value is cdii- 
cei lied and will al>?'o stimulate the research workers 
theinselvts. This will involve merely an elaboration 
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«»1 iIk- iiK-tluMl ; l)iil will oflAT an <)i»iM>rliinity 

nl a^^c^sillL: IIk- pio»;]c.s> of iIk- ^clicincs far inoiv 
aditjiiaUl.v to doiicK- on llioir oonliiination ami 
iiiijnfW'LiiKnl . W’c aiv (jiiitc aw arc that tin’s proce- 
dure may mean an increa.se of stall in tlie pnl>licali(jn 
Neclion and will al^o re<|niie iiil'Ii pro])erly cinalified 
to sifl the re.sidt.s and to c«>llect infornuiti«>n <'oii- 
laine<l in lekwant i)nhlications. lint this soil of 
sinvey is eNpected to h^* of Mich mateiial help to the 
Ad\isorv Iloaid, the standing i-oinmitlees and the 
researi’h workers that \\e ha\e no he.sitation in re* 
eonimeiidiii.e the Mi.eee.stion for the serious considera- 
tion ol the anthorities. It is not intended that the 
work of the Imperial Uiireaiis should he duplicated. 
'I'he reviews should deal with the major subjects for 
in\'esli'j,atioii, < ..c* , rice, jute, cotton, stnaar, irri^^ateil 
lands, lecianiation of lands, soil research, inannrial 
trials etc. with sjjecial ii-feieiice to Indian conditions 
and shonld make a compaiali\e stnd\' with what has 
been <lone elsewhere. 

l'n»in Several points of \iew, it is desirable that 
louncli w <’)ikeis workin.^ under the schemes scatter- 
ed all over tile country stud> ine, isolatetl problems 
^honld.nleel pel i«idically and e.\chan.i;e n«:tes. The 
nieidincs ol the Adxisory Hoard, of the Hoartl oi 
Ai;ricnltiiie as also of the Indian Si'iciice Coni;ress 
and the Indian So('iet\' <»I Soil Science oiler some 
opportunities in this diiection. Hut the time which 
can be spared for a finitfnl discussion is insunicieiit 
and the atmosphere on these oci'asi<»ns Ineuls a sense 
ol hasti- which doi-s not conduce to thou.ehtful 
.M-ieiililic woik. .Hesitles, ae.riiMilture is a held seiema- 
and a detailed i-\|»ei ieiice of held conditions obtain- 
ine in dillervMit parts of the country is essential. Most 
ol our scieiitilic workeis have little chance of keepiii.i’ 
themselves in touch with the jiioyiess of the woik 
(loiie outside their own pro\ im*e nr lalHiral<»rv. 
\ewei teidiiii(|Ues and methods of theoretical approach 
aie lieiii.e lonfinuoush' develope<l and it is nei'e.s.sarv 
that <»ui workers should ha\e an oppoitunity to dis- 
cuss these and* to ^ee such wt»rk as is .i;oin]n on in 
the uniyersity ami other laboratories. I'niversily 
men inteivstetl in ai^i icultiu al problems shonld also 
haw oppoitunities of .^aiiiim.; held e\perieiice. A 
lieriodical conference of research workers in different 
j»arls of* the counlrv with a well-defined* purpose will 
be jielpful in this direction and noii-ofticial r^epre- 
scMtatives of pure .science, who are en.ea.qed in allied 
l>n)bleins, should be invited to i)articii>ate in the 
dkeussions. 

At tlu* nieetiniiS of the Couivcil, of the Advisory 
Hfxly and the sjiecial ad liar coifiinittees, hejd fur the 


puiiiose of supervision and .unidanee of the workers 
no seriims Ihou.i^lit can be given in the short sjiace 
of time allotted for the pni'iiose to the very lengthy 
a.geiida. I*!xtvi)ting the ordinary administrative 
details, the members d«) not lind sunicient leisure, nor 
are the\^ in a ])osilion to marshal suITicient materials 
to enable them to make substantia] contributions to 
the discus.sioiis. 'I'lie work of the Council has 
i‘Xpanded enormously and a thorough scrutiny and 
co-ordination of all activities is not possible at the 
t>eriodical meetings of the Advisor>’ Hoard. It is 
essintial from the point (»f view of the utility 
of the work that there should be a harmonious 
('o-ordination ol the different aspects of related 
studies. It M*ems to us that the present technical 
exj>ert staff is having a tiring lime in carefully 
analy.sing the increasing number of schemes, 'riiev' 
would be gradually so preoivupiiil with their 
spiH'ific branches that for the profitable co-onlinatioii 
of the schenK> they should M)on be provided with 
additional exi>ert hell) and, if nei'essary, from out' 
side. W’e Miggest that the close co-(»peialion between 
the uiiiversitN' staff and the technical MafT under the 
euiplovnienl »>f the ('lowrument of India which i> 
already bearing fruitful results may be immediately 
extemled for this puri)osc. In addition, a Muall 
advisorv committee consisting of the exi)erts «»f the 
Ikianl ami of non-olUcial scientists shouhl be coimti- 
luU*d to help in this I'o-nrdiiialion. 'I'he Ad\’isoiy 
Hoard itsi-lf is tr)o iinwiehly to effei'l this and a stand- 
ing advisnrx’ I'ommittee lor puri»oses o| coordination 
would best meet the :’tuation. This committee 
should meet continuously for a number of days 
befoie the meetings of the Hoard and pieiJiue .i 
nieimnamlum c>n the schemes, their pmgia-ss, eti*., 
bn- the consideration of the standing and the ad hoc 
committees. 'I'liis committee will again meet imnie- 
dialel\' after the standing and ad hoc i*ommittees 
have finished their deliberatiems to prepare a digest 
for the Advisory Hoard. The function of this com- 
mittee will be advisory and it will naturally relieve 
the Advisory Hoard of a great amount of strain. 
Tin’s conunillee should have the power to suggest* to 
the Ailvisory Hoard new and alternative schemes and 
to advi.se it on (iiiestions of policy. It is expected 
that this committee will be able to give a greater 
impetus to fundamental rest^arch and A^ill ahvays 
keep defwite objectives in front of the Hoard. The 
Council through this committee may be in a t>osition 
to arrange for detailed discussion with workers in 
different localities. 
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SoiiK'linu*^ IIk* pio.u rain UK'S in llu^ (linLivnl 
criiinL'nl instiliilLS ainl luSLarcli lalmratoi ii-s slinw 
a tfiuk-nrv lo Ik* sli-ruotyiKd. Slamlini; coin- 
miltifs with aihisory I'lnictions, as siiij.uLsli-d al>n\<*, 
ha\’in.^ noii-onu'ial fXjKTts may In* similarly in loiu'li 
with iIk- woik ol’ the siii^ar, collon ami jntc n)miniU* 
Lvs. TIk'IV is nnforliMialcly \\ r> lillK- rn-unlinalimi 
and o)-n] icralion hclwi c-n llir rcsc'ari'h lal mratoi ics <>1 
llnsL* conimilti'fs and those* of llu* nniwisitic'e. 'I'Iil* 
standing; c<nnmiUevs for tlK*se- will he ahk* lo ‘ji\L* 
\:dnal>K- ad\ it’L- and .L*nidaiu\- and thr Adxisorv Hoaid 
is snn- to lind tlu-ir work most helpful. \\\* do not 
think it will I'anse friotioii and undue inlerfeiviuv 
'Pile sii.Li.i»eslioiis made above that the isunmitteis will 
haw advisory fnneticjiis will protect the institutes 
lone'erm-d from such diHie'ulties in tluir work. 'I’he 
method of secnrine, noii-ollicial experts on these e'oin- 
mittees should he* siU’h as not to lead to w ire-i»ullin.ii 
of aiiN* sort and the best men shouM be nominate*d 
b\- the* Advisory Hoaid itself. \\\* .ire sorr\ to 
note heie thit there is at pieseiit no edose e'oii- 
tact belvxeeii the research laboratories of the 
t'e-ntr.d Jute Committee at Calcutta and the* uni- 
versities at Ikie'ca and Cah’Utta. We are afniid some 
nf the resoun'e‘s of these riiive-isities are not bein.a 
utilised to the best aelvanta.^e for the furtluraiie'e* of 
the obje*e*tive‘S wliie’li le‘d to the* fouiulation of the 
C*. ntial Jute* C'oiimiittee* and its re>earch laboratories. 
An adxisoiy e-oiumittee* in this e^l^e* max* e'oiisieler th*- 
exi^tiii;-! facilities in the different laboratories and 
siT-’cest which work may be olTeri*il to e*a('h of tlu*m, 
by pioxieiine exlia fae'ilities, if iie‘e’e*ssai y. 

'Pile proposed le‘chnical aelx isory committee 
under the* Hoard in co-oper.ition with other stamtine 
adxisoiy coinniittees will be comiietent to assist in 
e*«i-ordinatins.i undei a sonnd e*omprehensive p«ilie\v 
not only the diheieiit schemes ami the ai'tivilie*s 
of the re*se*arch institute's but will also be in a 
liosition to .eixe adxicc to the* jiroxincial depart- 
nieiits of a.5;riculture wherever iieces.sary. The* 
lest scieiitilic methods must be applied to the 
|•roble■ms and in carryiiii; nut the xxoik it is ahvays 
iiee'essary to see that resources in iiie-ii and labora- 
tory facilitie*s are utilise.'d to the best advaiitae.c. We 
ai'e* afraieWhat at tneseiit there is too much of xvenk in 
isolated compartments and this seems to be xcry 
connnoii in institutions llnaiu'cd by the ( lovernniciil. 
The administrators at the top too ofte*n lind it rather 
I'erplexin^i* to come to a delinite decision on texdmical 
matters and on the merits of projiosals. '*^Plie tno- 
posed advisory coinniittee, if well constituted, should 
be of a Rreat help to them, and if the present stall and 


H 

the linancial resources of all these laboral< nies aie 
bioiiLdit in line to lit with tlu* inajoi ileveln| aiieul 
.schemes, the ihanci*s for a (jiiick solution of ilir 
dilleii-nt ]»roblems that are faiiii;; us will materiallx 
increase. 

Clop production and linani'ial ino^peiilx nf llu- 
lailtixatois should constitute the objectixes nf the 
leseaich activities linaiii'eil b\ the t'ouncil. Ion 
this purpose, the coiiseixat jnii of llu* soil and its 
leitilitx- shonlil be optimum and balanced. ( )ne nf 
the Innetiniis ol tlu* piojxised tei'hnical cfmimillee of 
the Ailxisnrx’ Hnaiil should bi- to I'lassilx* the exisl- 
in.e si-heiiies and point «int their relationship to (K*li- 
nite objeetix es wheiiexa-r iiect ssarx*. I'oi pin poses of 
t'lassiPie.'U inn (»| rese.uch si*luines it will Ik* xvoith 
whih* to foil ow llu* sxsti iii -ixeii in tlu* /xh /uo/ o/ 

H htl l\i\i bin'll in (ih iil lUihnn bx' llu* IMx.H. 
whii*h we lexiewed in this journal in the issue of 
Max', nj.ai. It is ,e.ixen below and we inaki* no 
apology In piinte ill length the IvfelelU'es to activities 
which must suppleiiunl leseaich. 

{il “H.ickei r.niul lese.irch into JundaWieiil il 
.si'ientilic laws nndeilx iiie. all a;.' ricullural and iiuliis- 
trial eiilerprisi.‘S wliii'h should be carrietl out under 
the aiispii'es of the nnix\*i silies. 

(j) “Hasic i\*search into broad snbjei*ts with a 
pr<»m)iiiuv<l piaclii'al be.iriii'; to be doiu* by laseari'li 
institutions. 

IP 'M«/ //<•< research into special pmbKiiis to 
be mainlx- done bx* u*si.arch institutes, ihoiieli a <‘oii- 
sideiable amount max be done ] >i ix .ile lx*. 

( |.) “Pilot or ilevelopmeiit i\ search to brid-e the 
yaj» belwue-n lai)nrat(Mx e-xjurinieiits and coninurcial 
piat'tice which can be undertaken bx research iiisti 
lutes, e*ollee.e*s. farm iiistilutis ami i»iixate farms. 

“'Po sui»]»leliielil these ae'lixities thele* slinuUl be- 
ta! inloi inalioii service- with proxisinn fni a 
coiilinuoiis poolin'.^ of data between u**^earch workeis, 
and tlu* dissi inination ' ol reseaie h results - aiiinii;; 
agricultural advisers and iiist rueXnis,* , 

(h) exte nsion wt)rk I'oni] n isinit spuatliiie. «>f 
scieiitilic kiiowled-e anion-st farnieis ami repnitin;'.’ 
the* larnie-r’s problems back to the se*ie*ntists, 

(i ) Public relations wnik to interest the publii* 
and the fanfier in tlu* leseaiedi activities bv iijeans 
ol trims, bit).' I (lea slim.!,' and other nu*thods <»t mass 
imblicily, and 

((/) trainiiiL! facilities for e(iuii>i)inL! the. 
lursonnel both for future research work *and for key 
posts in all the icultural service-s.” 
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Mncli siJ.'ulL-wnrk is \c-t to Ik- dniic- in 

(i) Itftlc-r cniitnil water for crops; 

(j) l*ic\cnlioii of partial sliatal loss of sill Uy 
erosion, 1)y K-ai'hiiiy liy water, hy had nietlwuls nl 
niaiiayeineiit , hy faulty iiiiyalioii, etc. ; 

( 0 l’ro\ ision of hetlc-r iiiipleineiils ; 

(|) Ik-ttrr system of ciop-]»l;inniny , in parlicidar, 
<'f he I ter rotation ; 

{,S) l{\-oliition c»f \aiieties suited to ditli-leiit 

I'liinatic and suil cjmditions ; and 

(o) Impro\enients in tile nutliods of soil 
inana.eenieiit and ni;nunial treatments. In this con- 
nection, a more detailed and up to date kno\vl..dye 
of onr soil is ot piinie necessity. the maiuiiial 

trials ami llie imi Moved \arieties haw* to I»e cor 
related to the l\pcs of tlie soil where the clops are 
to he yniwn for better returns. 

At tlu- imitation of the (hweimuent <»f India 

Sir John Russell, whose- vast and authoritative- 


e.xperieiuv is widely known, made' a .study of the 
position of a.yricnltnre in this country, and submitted 
his reiKUt a coni)le of years ayo which inlrr alia 
.su;4.ye-sted ce-itain measures. These measures con- 
i-e-nied mostly the developme-ntal side of the work of 
the Council. 'I'he public are not aware what steps 
have been taken by the Council and by ( lovernineiits 
in resi)ect of his rcconnnendalieins. His recom- 
nie-ndatioiis should not be allowed to be forgotten 
ami piyeon-holed in the Secretariat. The scoi)e of 
the Conneirs weak now re(|nires more hroadeiiin.e 
on the ele\ ehipiiieiilal side. 'I'lie- sta^e is ri])e when 
reorientation of Conneirs activities should be made 
and the idea that a.ericnltnre is purely a branch of 
lechnoloyy, where new kmiwled.ee is not necessary, 
should be modilieil. It is also hi.yh time that alone 
with the im|>rovement of onr primitive aki'icultnral 
practiees the le-coimnendalions of l)r W’riyht in 
iMiinieclion with the dairy imi Movements sin add be 
yiw-n earnest coiisiilei ation. 


VEHICLE FOR SWAMPS 

Mx.nv of the oil and yeoj^hy'-ical ccmipaiiics opcratiiu; in the Cmlf Coast areas, where swamits abound 
l)resenliny transi)ortati« m dilVicultie*-’, have not Iklu satisfied with beiny liaulked by naluie. This has 
led to the development of the “marsli bni:yv”, a tnick or conve>ance which can carry a hea\'v load over 
hard oi si»ft yronnd oi throu-h waUr. .\fter ex.nninine, the methods used bv otlier seismograph parties, 
the Stailolind (Ml Co. has de\eloi)ed a mar^h biu.’v whi«'h will travel with e^iual ease in water <)r on 
land. After it, has llnishetl W(Mk in a particular area, it can be disasM-mbled into three parts and carried 
to the scene of its next •)pk*iali(Mi tm a triu'k. 'riii-^ biiyev has four wheels but thev are also ]iontowns, 
bein.y made fioui sheet steel and hollow on the insi<le e.xcepl foi beariiiys and braces. Ixach w'heel has 
a drain pluR and a piny lor yreasiny the beaiiny. .\11 of the wheels me .[ ft. wide at the a.\le although 
.the back ones are tapeied to ft. in diameter at their t-iicumstance. d'he wheels an- t) ft. in diameter, 
the front ohes beiny eiinipped with hiys made fioin .j. in. aiiyle irons for driviny and the back (Mies haviny 
an arched surface with a stec-iiiiy rim on them. 'I’he ,Slanolind marsh biiyyy is jj ft. oxerall hi leiiyth 
and 15 ft. in. width ; the wheels, flame, imjtor and transmission weiyh appro.viniately t),ooo lb. Jt will 
cany a useful load of M.ooo lb. when it is put in .service. Desinte its weiyht it will clind) hills, travel at 
15 in.ii.h. on . land and ap|»ro.\iniatel>' the same speed tlirouyh water, reyardle.ss of depth. Jsteeriny on 
land and* shallow water is throuyh the back wheels. In the water the front wheels are used to steer. It 
js extremely maiioeiivreable in both. 


—Jou}}ial of Ihc h'raaklin histifulr. 
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talk about ii ri.^alioii in this rnnntry oiic is k‘»l 
to {he pioviiuv of lliL- Ikiiijah, the land of live 
rivers. The peculiar j;eoKi ^iphical iiosition of the Ihin- 
jal) makes it the premier initiation i)rovince of India. 
On the north it is hounded hv the snowcaj.ped moun- 
tains of the Himalayas fiom whose cjaciers all the 
live livers of the Piinjah deri\e their supply. Duriiiy 
iiKMisoon the lixers are mostly in tlow wliieli passes 
Of rather »iuitkl\' and hy the mi<ldle of Septiinhei 
tile rivers are l<»w. 'I'lieie are heavy rainfalls in the 
iiKiuutains and the foothills, which fall olT rapidly 
as one yoes south into the jilains and hy the time 
one reaches the tracts round Hyallpur the rain is 
not nion- than lo or i .! inches per year. Isveii this 
scanty rainfall is not i)roperly distrihuted all thnuiiih- 
out the year. When valuable crops such as cotton 
or wheat are to be matured, there is sehlom any 
rain so that these crops can hardly be raised oil 
rainfall alone. Hence diiriii.e pre-in iyation days 
most of the country looked like deserts, only 
riwrine tracts were cultivated. 

Hefoia- the llritish came to the Punjab there 
were a few canals which were mostly of inundation 
types. l'‘ero/e Shah 'I'uylak duj; a canal from the 
Jumna to feed Hissar and the districts rouinl Delhi. 
'I'his was in the i.|th century. In the r;th ivntuiy 
Ali Mardaii Khan, the yieat eiiyiiU'er'yeiieral of 
.\kbar and of Shah Jahaii, diiy Hash canal from the 
kavi to feed the Shalaiiiai Hayh of bahore. batei 
Ranjit Siiiyh duy another canal from it to sui»i»ly 
water to .\niritsar. Besides these there were a 
number of smaller inundation canals lakiny off fioin 
the Jhelum. They supidied water to tracts near 
Shalipore. There was also well-irriyation, but this 
could only be jnactised near the livers as the snbsiul 
water in the Punjab is mo.stly saline and not tit lor 
irriyation. This was the state of affairs when the 
British cPuniuered the Punjab in iS.p). It is well 


■' .\daj)U*(l fioin the liist of a si-iii-s ol li-ituivs ili li\ i-iimI 
lirfoTv C'aleulla I 'iiivfi>il> in .Xuynr'I. 


known that in the earl\' days of ociaipation of the 
Punjab by the British, the Sikhs were always yivine, 
them trouble. In onler to ]»acify the Sikhs, altemiits 
Were made to make them settle <lown on lands for 
cultivation. Hence laiials were iluy .and iriiyatioii 
started. 'rile old existiiiy canals were first reiio- 
\ated and one of them was the W'estein Jumna Canal 
takiny oil from the foothills where the Junimi 
etiieryis from the Himalay.is, and ain>ther was the 
rpp^’*‘ Do.ib Canal t.ikine. off fia)ni tlu* ka\i 

at Madhoimr. In !.*:'()<► proposals were first iiiaile to 
build a new system ol i'aiials. ^ • 

Cultivation b\ ailificiid iinyati«m has been 
iJiactised in India for iiiaiiN' eeiituiies befoie the 
atheiit of the British in India. Ihiiiiienl eiiyiiieers 
like WiK'oeks and •)thers aie of oj anion that 
the s\ steins of waterways in the deltaic ri'yioii 
of Beiiyal and in the 'I'anjoie Distiict of M;idras w ere 
<aiyinally artiliiMal channels takiiiy nif from the 
(huiyes and the Caveiw 'I'liese s.Nsteins of iriiya- 
tion weie not however jjerennial. .\nother .system 
(jf irrieation built dams in hill\- tiaits and cia-atetl 
vast reseivoiis of water duriiiy rainy season from 
which supply lor irri.e.ition i-ould be hail when 
nioiisooii was o\ei or i.ains had lailed. ivNaniides of 
sueii I esei \dil s ai e llnw fuiiiid \ \- liei|Uentlv in tlR 

hills such as the D.d bake in Siinaear. In a thiid 
s>.stem of irrigation watei was diawn Ironi wells. 
It was yenerallx practised in ri\iiine tracts and is 
still beilly d(»ne ill tile ( ‘.ailyes and tll.e Indus 
\':dle\s . . 

« 

lUKlC. \ 1 li i\ I'.V WI-IKs • 

It had lieeii said e.irlier lh.it soliie of the pie- 
Biitisli pel iod c.inal s\ sti iii had been renM\:ited and 
madi- lit f<ir iiereiini.-il iiriyation. Pfevinlisly Hkn' 
used to le nn-stl> inundation canals, these canals 
used to run full supply when the river level ’was 
above a certain point and water could be thus forced 
into the caii.il due to some natural obstructions sucli 
as boulder (jr shiyyle bar on the bed «)f tlie river. 
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At ntluT period when the river siipiply used to he low 
these eaii.'jls did not earry any water. Ihit with the 
present tyj)e of weirs nr Ixiria.ees it is possible to 
feed the canal system even in winter when the river 
supply is very low — sometiines it so happens that all 
the water available in the river is taken into the canal 
and the river betl below the weir runs dry. The 
advanta.ee of such a s>'steni of e(mtrol is obvious, 
and such structures known as “Indian tvpe” of weirs 
are now being built in America and other countries 
also. 

'rile first weir on the new lines was built in iSgo 
on the Chenab at Khanki. before any irri.eation 
was opened in this doab between the rivers Chenab 
ami Ravi, there used to l)e very little cultivation 
done in this tract — lands looked mostly like deserts 
and the po])ulation then uas only seven per s<|uare 
mile. The present poiiulation in this canal colony 
known as l«yalli)ur Colony is ,^50 to the stpiare mile. 
This area is now one of the most inospenms colony 
in the Pun.jab, yieldiii.e a land revenue well over 
crores ,of riH)ees. It is fed by a system of canal 
known as the Lower Chenab Canal. 'Phis system of 
canal has presented to the engineers almost all the 
problems' that can conceivably arise in dealing with 
irrigation. 

If we look at a map of the Punjab, we will find 
the river Chenab on which there is Wazerabad, an 
important railway centre. .\ weir or masonry bund 
had been put ui> ten miles downstream of the river 


miinber of spurs in the river called as A, b, C, I>, 
R, P, (1, H, I and J on the plan. The.se were 
constructed after the weir was built. 'I'he original 

PLAN SHOWING 

HEAD WORKS AMD TRAINiNCWORkS 
LOWER CHENAB CANAL 
AT 

HHANKI 



course of the river was between the spurs I and J. 
According to the practice in the Punjab, the weir 
was built in the dry in its present position and 



to Iread up the water supply lu the river upstream of subse(iucntly the river was diverted over the weir 
the weir site. It will be seen dliat there are a by closing its original course. This practice has its 
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advantages and disadvantages. Tlie iiiaiii disadvan- 
tage is that after the construction of the weir the 
problem of river control becomes very important and 
lakhs and lakhs of rupees are spent in keeping the 
unwilling river to its new course. At Khaiiki one 
can see an array of spurs, some of them are due to 
tile fact that the Ujiper Jhelnm Canal drojis a con- 
siderable siii>ply of water from the Jhelum to the 
Cheiiab at this point, while others were liuilt to 
train the river on to the weir. Tn spite of such 
heavy battery of spurs, the river at Khanki is still a 
source of anxiety and expense. In a heavy flood 
visited Khanki and due to unusual concentration 
(jf discharge in bays 4 and S, heavy damage 
occurred necessitating extensive repairs costing about 
25 lakhs of rupees, and loss of revenue due U» 
closure of this caiiaj on account of the failure. The 
weir was reconstructed during iu.^3-34 according to 
the latest engineering practice ; for greater flexi- 
bility of control, bays Nos. 4 and S were fitted with 
gates and the crests of the weir in the bays were 
lowered by 12 ft. Jly this means it was thought 
tliat the river conhl lie diverted to the left, riglit or 
centre of the weir as desired. In practice this has 
not been jiossible. It will be seen that the river 
approaches the weir along two channels, the right 
channel and the left channel. During the right 
channel was so much develoi>ed tliat in the follow- 
ing winter great diflicnlty was experienced in feeding 
the canal from the left channel and the level of the 
crest of the weir had to be raised by temporary 
blinds to bring water to the canal from the right 
hand channel. 

Coxtrdi. of Sn.t 

The problem of river control is intimately con- 
nected with the (iiiestion of silt entry into the canal. 
Coarse silt is harmful to a canal system in more than 
oiie. ways. If it goes to the water-courses it is 
harmful to the fields, and if it sc-ttles in the canals 
it requires frciiueiit clearance, i)t hcrwi.se bed levels 
of the canals will go iq* an<l banks will fall down 
neces-sitatiiig heavy repairs. So that harmful sill 
has to be excluded from the canal before it can enter 
it, or ejected after it has entered. Kxclusioii at the 
point of the river where the canal takes off is .gene- 
rally effjcted by controlling the river, or by cons- 
tructing some types of silt excluders. 'IJJiesc exclu- 
ders are built on the principle that heavy silts are 
generally found on the bottom layer of a volume 
of^ flowing winter. When a weir is built across a 


river, the portion of the river that is nearest to the 
canal is separatctl from the main river by a long 
divide-wall sometimes extending 700 or 800 ft. up- 
stream of the weir. The area enclosed between the 
divide-wall and the bank of the river where the 
canal takes off (which is known as the Canal Regu- 
lator) is called the pocket, and the portion of the 
weir that is thus cut off is called the Undersluice. 
The Undersluices are gcnevally provided with gates 
so that siqiidy into the pocket in excess of the 
requirement of the canal can be regulated. 
When the river water enters the p<K'ket, its velocity 
is grailually reduced and heavier silt deposits on 
the bed of the pocket, and comparatively silt-free 
water enters the canal. Hy this means silt goes on 
accumulating in the floor of tlie pix'ket and some- 
time s^) much is heaped up that it gets drawn into 
the canal. At this stage the Undersliiice gales are 
opened and the canal regulator gates closetl and the 
pocket is flushed. These are known as sluicin.g 
closures. They are rather inconvenient during 
periiHl of keen demand and cause some 4 oss of 
revenue. In order to avoid these closures various 
types of silt-excludin.g devices have been tried in 
models and in the river. There is another metluHl in 
which silt is allowed to enter the canal at the river 
head but after it has jiroceeded 2,fKX) to .'^,OfX) ft. 
down the main line it is extracted along with the 
bottom water and .st*nl back to the river. 

Thus river training is not only useful in con- 
trolling the river and jnevenling it from attacking 
the weir, but it can also be u.sefiil in regulating .silt 
entry into the canal. Such experiments on mcHlels 
of the Khanki Weir are being carried on now, and 
already a sum of Rs. 12,000 has been spent on these 
experiments. Hut con.sidering the imiiortance and 
magnitude of the pniblems the Punjal) (lovermnent 
is inepared to sjieiid much more. Tl^e very existence 
of a colony which brings in a revenue of over 2 
crores depends on this head,\\orks. It has been 
mentioned before that this headvvorks was repaired 
after 1032 flood at an e-xpen.se of 25 U>khs of rupeej;. 
Due to the flooil of lo^i. .serious damage to this head- 
works was discovered in bays and 4. A boatman 
.stumbled into a hole on the downstream side of the 
weir and this gave a clue to the damage. The soil 
below the Ihxir of the weir was all washed away leav- 
ing a hollow of about qoo cubic feet capacity. One 
of the characteristics of these weirs is that they ar^ 
built oil .siind so that where the masonry structure 
ends water coincs_ into contact with the sands of 
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tile river bed and can i)crcolate through them. Water 
enters the stind niediiiin at the U/S end and per- 
colates through the sand. As it advances, it looses 
pressure so that at any point P below the D/S floor 
a certain fraction of the t«)tal pressure is still left 
trying to lift the floor. This pressure is known as 
uplift ]>ressure. At the D/S end Q where the 
masonry structure ends, water comes out into the 
free water. If it comes out with great velocity it 
carries along with it lot of sand particles leaving 
a hollow Ix'neath the structure at P. Now above 
the structure the river is flowing and creating a 


SURl^ACK F1.OW 

Mention has previously Injeii made alwut 
“Standing Wave”. The violent impact created by 
the fast moving water flowing over the weir meeting 
the slow moving water on the downstream river bed 
creates what is technically known as the “vStandiiig 
Wave**. There is considerable action on the floor 
l»elow the “vStanding .Wave**, and unless the floor is 
made strong enough to withstand this, a deep scour 
hole will be formed endangering^ the safety of the 
whole structure. Hence it is very impoFtant to know 



turbulence known as “Standing Wave*’. The floor 
below having no soil support cannot stand this 
“Standing Wave” and hence gives way creating a 
hole through the weir through which the lK)atman 
.slipi)ed. This is .almost in all cases the princi])al 
rea.son of weir failure. Kngineers like llligh, Dane 
and otliers had lK‘en busy in devising means for 
counteracting this. It will be seen that the main 
causes for such failures are <lue to (/) the exit velo- 
city of water at Q being very high ; and (h) the 
uplift pressure at P being not balanced by the down- 
ward weight of* water on the floor. After an exten- 
sive .serit-s of experiments cair*ed out in the fields and 
in the laboratos.^ difected by theoretical investiga- 
tions, extended over a period of 4 year.s. or more, it 
has been jjo.ssiblc for the workers in the Punjab 
Irrigation Research Branch to completely solve this 
aspect of the problem. It must be remembered that 
these vveii- failures are very costly -sometimes the 
cost of repairs may well run into half a crore if .not 
more, lx?sides the loss in revenue of few crorcs of 
rupees. All the new weirs are being built on these 
flew principles which have been published in the 
of irc/rv on Sund h'oundi]fion'’ by the Oov- 
eriinient of India. • 


where the standing wave will occur. This can easily 
be done by calculations and experiments. 

It is found that even if tile standing wave fin'ins 
oil the luicca floor, its action extends considerably 
downstream of the iniiiit where the floor ends and the 
sandy lie<l starts. Deep sc'our holes are t^t'f^duced 
necessitating extensive repairs every year, and if they 
cannot lie detected and repaired before a heav'v flood 
Cfjines up, the wlude weir may be blown off. Such 
a case happened on the Anderson Weir which was 
repaireil at a lieavy cost of about to lakhs after the 
experiments at the Lahore Laboratory had suggested 
the changes re(iuircd. ’i'hese were : (i) Downstream 
and up.streain sheet pipes to cut off the pre.s.snre and 
b) reduce the exit velocity ; and (//) Bhxrks and 
arrows on the floor to reduce the action of the 
.standing wave. • 

Position and magnitude of these blocks and 
arrows are fixed after model experiments which in 
the case of the Anderson Weir co.st about IRs. 350/ - 
in actual n^aterial used. If wc consider the overhead 
charge of the laboratory staff it will come up to 
Us. .SjOfxr/-. If these ex])eriments were carried out 
before the construction of the Dapiodar Weir,' tlie 
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Bengal Government would have been saved the 
expense of Rs. lo lakhs in repair. 

The a1x)ve gives an idea of the problems that 
engineers are likely to come across while building 
and operating weirs on sandy river bed. These are : 
(i) River Training, (ii) Exclusion of silt, (Hi) Protec- 
tion against uplift pressure, and (iv) Protection 
against downstream scour. 

All the problems refer to the headworks, that is, 
the position of the river where the weir is built and 
the canal takes off. It is the most important unit of 
a canal system and is most carefully and zealously 
looked after. We know something about problems 
(in) and (iv) but very little about (i) and (it). Exten- 
sive experiments are being carried out in India and 
outside to solve these problems. 

Irkkjatjon by Dam 

Irrigation is als») carried out by drawing water 
fnnn reservoir dams. Dams are generally masonry 
structures constructed in a gorge as a river flows 
through it in a hilly country and the river water is 



l;oiri,i,M< Da.m 

collected in a reservoir from which supfily for canals 
may be taken off. The Boulder Dam of America, 
is tile -biggest dam so far built. It has got an overall 

* 2 


height of 527 ft. The capacity is such that if all 
the water that it contains be spread over, it will 
cover 30,500,000 acres of land to a depth of one foot. 
Part of the storage facilities of the reservoir are 
intended to assure a dependable sui>ply of water for 
irrigation purposes to the Palo Verde Valley near 
Blychc, California, to the Yuma (Federal) Project 
near Yuma Arizona, and to the Imv)erial Valley in 
California. The remainder ,of the storage may be 
used to furnish an assured source of water supply 
for the cities and towns in vSoulherii California to 
help by irrigation the development of lands in 
Arjona, California and Nevada. 

The upper 9,500,000 acre feet of the reservoir 
volume will allow control of floods of the magnitude 
of 2fw),ocxj cusc'cs above the dam to 4S,o(X) cusecs 
below ; and a flood of 300,000 cusecs (probably the 
largest flood in recent times) to 75,000 cusecs. 
Apart from the (jiicstion of water supply for irriga- 
tion purposes and also of flood control in the Colorado 
river, the dam had been equipped with power jdant 
designed to furnish i,6o(),oorj to r, 800, 000 Ticysc 
power of installed capacity. ^Phis will make available 
four and a third billion kilowatt horse power annually 
upon completion of the dam. 

In India there arc at present very few dams 
of good magnitude. Muthra Dam, Krisnaraj 
Sagar Dam are worth mentioning. In these tyi^es 
of dams generally known as Gravity Dams, the 
theory of elastic stress and strain had been ex- 
tensively applied. In complicated structures mathe- 
matics had failed, and recourse Had to be taken 
to nuKlel experiments depending on stress func- 
tion and photo-elastic properties of iiukIoIs. It 
has been possible to analyse many intricate 
cases with the help of such models at compara- 
tively small cost. Considering that failure of such a 
dam may entail the expenditure of a, few crores of 
rupees, and risk of life and property over an exten- 
sive .stretcli of country, such mc^lel experiments are 
nowadays essential features of dam construction. 

Irrigation irom Wrui.s 

Another .method of irrigation is by .taking water 
from, wells. This is the most primitive methefd of 
irrigation. Recently scaentifle metlnxls have also bgcn 
applic<l here. Tn U. V. the Ganges Valley Tflbe Well 
Scheme is a well-thought-out and extensive scheme 
that is revolutionising the old method f)f tube well 
irrigation. The Ganges Canal in the first hundred 
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miles of its length passes through a rapidly-falling 
steep landscape. The canal is brought down to the 
general level of the Oaiigcs Valley by a number of 
falls. These falls have been utilised by the pre.sent 
scheme and electric current generated. These cur- 
rents are distributed in small units to villagers, who 
use them for pumping water from tube wells for 
irrigation purposes. The vSchenie is still in its infancy 
and nothing definite about its prospect can be said 
at this stage. 

To carry water from the river or the tube well 
to the fields, canals form the connecting link between 
them. In almost all cases canals are dug, or cons- 
tructed in earth and generally follow the slo])e of the 
country. Canals are so designed and aligned that 
they run along the ridge of a countryside so that 
supply to the fields is simply by gravity flow. If the 
canals .strictly followed the slojie of the country the 
water-level in the canal would not be much higher 
than the level of the fields that are to be irrigated. 
Hence the slope of the canals is maintained slightly 
flatten than that of the country, and after lo or 15 
mfles, depending on the difference lietweeii the.se 
slopes a sudden droj) is given in the bed of the canal 
and the water is carried from the upper part to the 
lower portion over a masonry structure known as 
Falls. The drop in the bed level which is the same 
as the drop in the water-level varies from 2 to 3 ft. 
and 12 to 15 ft. In going down this fall water attains 
very high velocity and a standing wave is formed at 
the downstream end of the fall, so that all the diffi- 
culties of a standing wave are encountered here also. 
Remedies are indre or less the same as in the case of 
the river, but in this ca.se there is this complication 
that as the sides of a canal are generally artificially 
formed they cannot stand the side action of the stand- 
ing wave, and just below a fall the side-scours are 
very troublesome and increase the maintenance cost 
of a canal. Jtxtensive experiments in models are 
lx;itig carried out to prevent these side-scours. 

Sii.T Prohlkm 

It has been mentioned before that claliorate 
precautions are taken at the hcadworks to stop the 
entry of coarse silt into the canal. By this means 
very, coarse .silt can be excluded but .some coarse 
silt does get, in and the canal has to be de.signed in 
such a .way that this .silt will be carried by water 
in the main line and branch into the water-course. 
Attempts have been made by empirical methods to 
arrive at a satisfactory solution ‘of the problem. It 


has been long recognised that silt plays an important 
part in the economy of a canal system. In spite of 
\'ery rigid regulations at the hcadworks the canal 
engineer finds that the canals are silting up badly 
and thereby losing command, or the berms are falling 
in rapidly widening the channel and thereby threat- 
ening breaches along the line. The amount of 
money .spent on silt clearance and repairs due to silt 
troubles is considerable on a canal system whose .suc- 
cess depends on the degree in which the ill-effects 
of the silt can be overcome or obviated. 

Regular observations of hydraulic data are being 
carried out in the Punjab in channels that are known 
to 1)0 in regime. These consist of discharges, velo- 
city, cro.ss-.sect ion, slope, bed silt sample and water 
temperature. These data have been statistically 
analysed and various relation.ships have been obtained 
which are lx‘ing tested in other channels in the 
Punjab. 

Another line of attack has also been started in 
the Irrigation Research Institute. It is well known 
that the flow in a pi|>e or a canal depends on the 
characteristic of the boundary and the velocity dis- 
tribution dej)ends on the nature of the boundary. 
Prandtl and Nikuradse have shown this to be the 
case for both smooth and rough pi])es. It has been 
|X)ssible to show in the Lahore Institute that I he 
same law holds for flow in canals. It is proposed 
to correlate the characteristics of the lx?d material 
with the velocity distribution in the canal and thereby 
to arrive at a .solution of the problem of flow in 
alluvial channels. 

W.\TERMX;oiN(i AND Sai.T P'FKI.ORHSCKNCE 

Though the i>roblems that I have dealt with up 
till now are of great imi)ortance for an irrigation 
engineer and may cost the Oovernment lakhs and 
lakhs of rupees yet they pale into insignificance when 
one considers the question of seepage water from 
canals and consequent waterlogging and salt efflores- 
cence of the countryside. Wherever in arid or 
.semi-arid countries perennial irrigation has been 
practised, this menace of waterlogging and salt 
efflorescence has threatened the very existefnee of the 
whole system of irrigation and thereby the very 
pro.sperity which irrigation had called forth. 
America and Egypt are going through thjs stage and 
the Punjab had been no exception to this. As water 
flows through channels dug into the earth, consider- 
able amount of it seeps through the bed and the 
sides and goes to the water-table to rai.se it. -If the 
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addition goes on* the water-table rises continuously 
and comes up to the natural surface and forms ponds 
and marshy lands breeding malaria carrying mosqui- 
toes. It sometimes happens that as the water-table 
rises it passes through soil strata that may contain 
harmful soluble salt. As the water-table approaches 
the natural surface evaporation draws up salty water 
from the water-table and leaves the salt on the ground 
surface. It frequently happens specially in the 
Punjab that as the water-table rises it touches a 
layer of hard clay which in certain cases may extend 
to 20 to 25 ft. from the natural surface. If this soil 
crust contains harmful salt then capillary action 
which is very strong in such soils starts the 
movements of moisture from the spring level and 
brings the salt up on the surface. 


J1 

Various methods are being tried in the Punjab 
and elsewhere to combat these evil effects of the rise 
in the water-table. One of the methods is to line 
the canals so as to make them impervious. This is 
ail expensive method but the Siiving of water that it 
will bring and the partial relief from the evils of 
waterlogging that will result has made the method 
financially jiossible and the Punjab’ is going to try 
it on extensive scales. Vatious other methods are 
being tried and efforts to reclaim the lands tliat had 
already gone bad are ceaselessly going on. The 
Punjab Oovernmeiit is not sparing any efforts for 
this as the prosperity of the province depends on the 
solution of this problem of waterlogging and salt 
efflorescence. 
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EARNINGS ON COLLEGE EDUCATION 

Rani)():m reading among recent statistics yields the information that in ig.sO the average earnings of an 
American emt>loyee amounted to $1,2/14. I« that same year college graduates (male) only a year in posses- 
sion of their diplomas had averaged $1,300, and the analysis by the United vStates Office of lulucation 
- which had disclosed this fact— also pointed out that girl graduates a year out of college* had averaged 
about $i,TOo. Men who had been out of college eight years in 1036, however, were getting • $2,400 
apiece, while their women colleagues could average only $i,0oo. * *. 

For those college alumni who had spent eight years struggling for a living and whose status, 
was known to the Office of Education, it appears that engineering and research paid alH)ut as well as 
general business— that is al)Out $2,500 a year— but not so well by a matter of $500 as medicine or the 
law. A previous and unusually comprehensive survey confined only to engineers and made by the Bureau 
of Eabour Statistics showed that in iq2q— a year when 6-4 i)er cent 'of all incomes in the country exceeded 
$4,000— graduate engineers . with ten years* experience obtained from $3,600 to $4,600 iu the various 
branches of their profession, and that the median income for all engineers was $3,400. By 1034, however, 
this median income had shrunk to $2,300.* 
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working on fat niclalx)li.sni in chicks, Dam 
(i92g) observed that the diets deficient in cer- 
tain respects gave rise to a disease resembling scurvy. 


This was not due to the abst*ncc of vitamin C in the 
tliet as vitamin C could not cure this haemorrhagic 
disease. Dam later observed tliat newly hatched 
chicks, fed on a diet containing all the essential food- 
stufTs but deficient in certain fat-soluble materials, 
suffered from a fatal liaeniorrhagic diathesis charac- 
terist‘d b>- bleeding from the pinfeathers, haemorr- 
hages into the subcutaneous tissues and muscles and 
gizzard erosions. This condition could lx‘ cured or 
prevented f)y administration of the non-saponifiable, 
non-sterol fraction of hog liver fat or by feeding 
alfalfa. • This anti-haemorrhagic principle iji different 
food substances was termed by Dam vitamin K or 
Koagulationsvitamin. Almquist and Stokstad (1935) 
working independently of Dam simultaneously des- 
cribed the same haemorrhagic disease in the chick, 
which was cured by feeding alfalfa, a very rich source 
of the vitamin. Schonheyder (1935) observed that the 
haemorrhagic tendency was due to a prolonged clot- 
ting lime associated with a deficiency of prothrombin 
content of the bhxxl. Other constituents of blood 
taking part in blood coagulation, namely fibrinogen 
and calcium, were not altered. 


SouRCH OP THK Vitamin 

f 

Green leaves are very rich in vitamin K. Alfalfa, 
cabbage, .spinach a^;e very good sources of vitamin 
K ; cereals * and carrots are poor sources, while 
.potatoes, lemon juice and cod liver oil are practically 
devoid of ‘this vitamin. The vitamin may also be 
prepared from fish meal, rice bran or casein after the 
extracted material has lieen allowed to putrefy, 
bacteria api)arently effecting the synthesis of the 
vitamin under such conditions. Almquist el al (1938) 
have isolated a fish meal organism closely resembling 


• Read before the Calcutta Uniwsity Chemical Club. 


bacillus ceieiis, which contains and is capable of 
producing in fish meal considerable amounts of 
vitamin K. Vitamin K is also present in bacillus 
subtilis, staphylococcus aureus, bacillus coli etc. 
Vitamin K may also be i)roduccd by bacterial activity 
in the intestinal tract. 


Isoi..\tion and CinCMiCAC Naturic 

Mckee, Hinkley, MacConpiodale Thayer and 
Doisy (1939) have isolate<l two pure compounds with 
vitamin K activity. V'itamin K, obtained from 
alfalfa is a pale yellow oil which crystallises on cool- 
ing and has characteristic absorption bands. The 
empirical formula is or CaJl.soGa. Vitamin 

K2 isolated from putrefied fish meal is a pale yellow 
crystalline compound melting at 50*5 to 52°C. 
Rmpirical formula is C40HS4O2 or CioH.sdOa. From 
chemical studies of the properties of this vitamin so 
isolate<l, it is concluded that the vitamin is a 
2-methyl — 3 phytyl-i : 4-naphthoquinone. The pre- 
paration of a pure, stable crystalline derivative, the 
diacetate of di-hydro-vitamin K, having one half the 
activity of the vitamin, ofliers conclusive proof of 
isolation of vitamin K from alfalfa and putrefied fish 
meal. 2-niethyl-i : 4-naphthoquinoue though not 
identical with the naturally occurring vitamin has 
anti-haemorrhagic properties (Almquist el al, 1939). 
This has Ixien confirmed by Macfie et al (1939), on 
human patients. 


Es^riMATlON OF THE VlTAMIN 

Bstiniatioii of the vitamin deficiency is based on 
the determination of the. prothrombin contents of the 
blood. There is no direct method of estimation of 
protltrombin. An indirect idea of the prothrombin 
content of blood plasma’ is obtained by thf* following 
metlKxls.^ Almquist et al (1937) follow Quick’s 
(1935) method of determining the prothrombin time. 
According to the generally accepted theory of blood 
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coagulation, protlirombin of blootl plasma is aclivatcil 
by an enzyme, thromlx>kinase, obtained from tissue 
extract, in the presence of calcium to form thrombin ; 
thrombin then converts the soluble fibrinogen, a bloml 
protein, to insoluble fibrin or clot. In Quick’s 
niethixl, oxalated bhxxl is taken and centrifuged. To 
the oxalated plasma in a tube, known amounts of 
calcium chloride and thromlwkinase prepared from 
human brain are added. The tube is immersed in a 
water bath at 37®C and shaken vigorously for a few 
moments until the mixture coagulates. The time in 
seconds from the moment of a<lding the calcium to 
the moment of coagulation CfUistilntes the prothrom- 
bin time. By comparing this with the clotting time 
of a normal plasma, the prothrombin index is obtained. 
In normal humans prothrombin time varies between 
25 and 35 seconds. In vitamin K deficiency the time 
usually exceeds 75 or even too seconds. 

Macfie ct al (1939) have determined the crude 
clotting time and have compared this with the pro- 
tliroiubin time delerminetl by Quick’s metluKl. 
According to their view crude clotting time deter- 
mination is as significant as the prothrombin time. 
(Bass capillaries of diameter 2 to 3 mm. are filled with 
l)lood ami placed over a dish which is kept at 
37-39®C. Portions of capillaries are broken off from 
time to time and examined. As soon as a clot is 
formed, easily observed by breaking the capillary and 
pulling the two pieces apart, the time is noted as 
the crude clotting time of the sample. By comparing 
this with the crude clotting time of a normal indi- 
vidual, prothrombin deficiency may be ascertained. 

Dam ei al (1938) follow a different technique 
in the determination of K-avitaniinosis. This methocl 
is a modification of that developed liy Fischer in 1930. 
2 c.c. of venous blood arc taken through a cannula 
and placed in a centrifuge tube containing 01 ml. of 
0.15% solution of heparin. After mixing and ceii- 
trif^iging, the clotting power is determined by using 
an extract of human brain. The concentration K 
of the brain extract which just coagulates the plasma 
in three minutes, when one drop of the extract is 
added to four drops of plasma, is determined. A 
corresponding determination is made on normal 
plasma (Kn). The quotient R (K/K,,) is a measure 
of the alteration of the coagulation, while the reci- 
procal value r/R is a measure of the ability to 
ccxigulate*with tissue extract. In normal plasma 
R = t. In some new born children R valiit?S come to 
about 300, i.e., the prothrombin content is only 0*3 
per cent of the normal. 


1^) 

Vitamin K in food-stuffs is usually as.sayed on 
chicks because they become K.-avitaminous earlier 
than other animals, c.g., rabbit, rat, etc. This is 
suppo,sed to be due to the fact that the large intestine, 
where putrefaction usually takes place, is compara- 
tively .smaller in chicks than in the mammals. It has 
been observed by Aliiu|uist et al that vitamin K is 
present in faecal matter of chicks receiving none of 
the vitamin in the diet. Possibly the vitamin is 
synthesised in the lower intestine liy putrefactive 
bacteria present. Newly hatched chicks are given a 
synthetic vitamin K-free diet for a period of 15 days. 
Substances to be tested are mixed with the diet. Pro- 
thrombin time or R values are determined as usual 
and by comparison with normal values, simul- 
taneou.sly obtained from nornial animals, vitamin R 
conluiit is ascertained. 

A chemical method of estimation of vitamin K 
ill concentrates has been described by Alm<iuist 
tit al (i939j. The te.st substance is dissolved in 
methanol and sodium methylate is added. The 
mixture i.s shaken with light petroleum.. Interfering 
carotenoid pigmeiUs remain in the petroleum and the 
colour due to the reaction of the vitamin and the 
.sodium methylate remains in the methanol. A good 
agreement exists betv\'een chemical and biological 
assay. 

Vitamin K and Diskasi? 

Sir James Mackenzie in his treatise '*Tho 
Beloved Physician'' has said — “There are three stages 
in the history of every medical diifcovery. When it 
is first announced people say that it is not true. 
Then a little later when its truth has lieen borne in 
on them so that it can be no longer denied, they say 
it is not important. After that if its importance 
Ix^comes sulficieutly obvious they say any how it is 
not new.’* , 

Conservative surgeons may say that the •vitamin 
K is not imiiortant. With moflerii* surgeons, how- 
ever, this vitamin has been proved to be a very 
valuable weapon in combating pre- and po^t-operative 
haemorrhages in patients suffering from obstructive 
jaundice. 

In all forms of obstructive jaundice due to lack 
of liile in - the small intestine fat absorption is im- 
paired and the fat-soluble vitamin K is not •absorbed 
properly. This leads to diminished prothrombin , 
content of the blood and a consequent haemorrhagic 
tendency is obserted in obstructive jaundice. If 
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vitamin K concentrates are administered per mouth 
with l)ile salts or desoxycholic acid or the vitamin is 
injected, normal prothromhin time and R values are 
obtained within a very short time (Illingworth, 
1939)- Maclie i‘l ul {loc. cit.) have successfully treated 
several cases of olistructive jaundice with a 
vitamin K analogue, 2 — methyl-r :4 naphtho(iuinone 
previously iiieiitioiied. This compound has recently 
been put into the market by Messrs. (Tlaxo Labora- 
tories as Kapilon. After injections of 15 mg. of the 
substance remarkable results are f)btained. 

Ill iiew-I)orn, slight haemorrhagic diathesis is 
usually seen, blood examination reveals hypopro- 
thrombinaemia. This lack of vitamin K usually dis- 
appears within a week. This is due to insufficient 
supply of vitamin K from intestine. Sick infants 
are improved by vitamin K administration. (Dam 

et al (1939)- 

Cases of anaemia neonatorum, icterus gravis 
neonatorum and hydrops congenitus have got one 
common symptom in lowered prothrombin in the 
blot^L* ^lost of these cases arc improved by 
vitamin K. Xon-tropical sprue is associated with 
prolonged clotting time. The case is improved after 
vitamin K administration. Kirk et al (1939) have 


observed that a dietary deficiency of vitamin K exists 
in men who are not jaundiced but have prolonged 
bleeding time. Vitamin K increases the prothrombin 
content of the blood of these individuals. Vitamin 
K therefore sems to be very valuable agent in com- 
bating haemorrhagic diseases due to lack of 
prothrombin in plasma, for which there was so long 
no other remedy. 
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PLANT ROOTS CONSERVE SOIL 

« « 

In order ^o determine the relative efficiency of various cultivated crojis in prevention of soil erosion, 
Dr Howard J. 'Dittmer, of Chicago, has investigated the root systems of several plants. The results will 
be .surprising, to these who are not fairtiliar with the aggressive fight plants make for life. 

It w*as found that the average nuiulier of roots in each cubic inch of soil in the top six inches 
ranged from So for soylieans to 2,000 for Kentucky blue grass. The total length of the root • hairs of 
soybeansjn cubic inch averaged 40 feet, and in the case of blue grass more than 4,000 feet. The total 
surface area of the root hairs in cubic inch averaged only 3*5 square inches, while in the case of blue grass 
it averaged over 200 square inches. These figures are a measure of the contact of these plant^ with the 
sub-surface world as well as of their power of preventing soil erosion. 


-F. R. M. in Scientific Monthly 



Dust Magnet and Bactericidal Gun 

Andre' Lion 


^IR-BORNH dust and bacteria arc present every- 
where, !)Ut more disastrously so in the air a 1 x>ve 
cities. Investi^^alion has shown that the averaRe 
resident of an industrial city inliales at least a Ua- 
spoonful of dirt each day. Ninety per cent of all 
impurities in the air we breathe are smaller than one 
micron, that is smaller than i /25,000th of an inch, 
much below visibility of the naked eye. Over a 
smoky industrial city, a cubic foot of air contains iij) 
to from 200,000 to over /|,ooo,ck)o dust particles and 
microbes. We see the tiny motes danciiiR in a ray 
of sniivshine but our eye cannot detect the vast 
majority of the impurities in the air : i)ollens which 
cause liay fever and asthma, from 15 to 25 microns 
in si/.e; bacteria, averaRiiiR i to 2 microns in 
diameter; smoke particles of 0.3 or tobacco smoke 
corpuscles of o.i microns. Are these particles harm- 
ful ? Of course, they arc. bacteria spread ty[)hoid, 
])neunionia, influenza, colds, tetanus, tuberculosis, 
etc.; mould spores Rrow on bread, meat, and milk; 
smoke and dust collect on our walls and furniture; 
Rriiiie ruins merchandise on disi)lay; and all that is 
but a small excerpt of an extensive record. 

To purify the air by passing it through screens 
and filters, which today is accomplished in many 
thousands of air-conditioning units in homes and 
offices or exhaust systems in dust-prcMlucing idants, 
is a rather inadequate job. b'ven llie finest screens 
remove only a small portion of the finer air impu- 
rities. Their tiny mesh leaves the door wide open 
to bacilli which never measure more than i/iooXh 
of "the diameter of a human hair and mostly much 
less. There is another rather ingenious way of re- 
moving diminutive impurities from the air, and that 
is the electrt)Static preciintation. The particles are 
not filtered out but electrically charged and pulled 
out of tHe air by an electrical force, just as a magnet 
attracts iron filings. The i)ossibility of cleansing 
gases by an electrical discharge was discovered iis 
years ago^ but only by the Precipitron, invented in 
the Westinghouse research laboratories, has this ideal 
method of air cleaning been so simplified, compacted 
and practically developed that it now can be used 

economically for air purifying in homes, stores, 

• • 


oflices, restaurants, hotels,* and industrial plants. 
Now tobacco smoke particles measuring about 
I /2,000th of the diameter of a human hair may as 
readily be renn)ved from air as larger impurities such 
as soot or pollens. 

The Preciiiitron, this novel dust magnet, consists 
of a number of units, individually installed and 
assembled, depending on the special job, the volume 
of air to be handled, and the space available. There 
are two standard sizes of units, shaped like flat boxes, 
the smaller cell being rated at ^oo to 375 cubic feet 
of air to be cleaned per niimite, the larger one at 



MtmHI. OF A pKliCIlMTRON rxlT IN WHICH, HY KUKCTRO- 
STATIC PRI'CII’ITATION, liVKN THK FINKST u’rST FARTlCLK-S 
MAY »K RKMOVKli FROM THK AIR. iN TJIIS AlCTURF., 
TOR.ACCO SMOKH, THK FARTICI.KS OF WHICH MKASURF. 
AIIOI’T 1 /2,000 th of THK DIAMKTKR OF A HUMAN HAIR, 
IS BLOWN INTO THK CYLINDER AT LKFT. WHEN PASIilNC. 
THROUC.H THK PKtiCIPiTRON CELL AT RIC.HT, THK AIR 
^INSTANTLY BECOMES PURIFIED AND CLEAR. 
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600 to 750 cubic feet, rcsultiiij^ in an air purification 
of 85 to go per cent. 

In order to remove a dirt particle from the air 
electrostatically, it must be given an electrical charge 
and then placed in an electrostatic field with a 
voltage gradient high enough to attract it out of the 
air on to a plate where it will stick by its own 
adhesion, 'rims each Precipitroii cell consists of two 
parts, the ionizing and the precipitating units. 

In the ionizing chand>ers the air passes small 
wires placed between grounded cylinders. The wires 
are supplied with high voltage electricity, thus ioniz- 
ing the air between llie wires and the neighbouring 
cylinders and creating a kind of electrostatic screen 
passing through which all dust particles are electri- 
cally charged. Next, in the precijiitating chambers, 
the air passes a number of closely-spaced parallel 
plates. Alternate plates are grounded and electrically 
charged, thus setting up another electrostatic screen 
between the jdate systems. As the air passes 
through the iiarallcl plates, this screen exerts a force 
on 'its char;:;ed dust particles, pulling them to the 
grounded jdates where they are deposited, allowing 
almost completely purified air to be discharged 
through the outlets. A small power unit supplies 
direct current of 12,000 volts for the ionizing and of 
5i.SOO volts for the idate section of the Precipitroii 
cell from any electric supply line. 

There are many .spheres of application of the 
Precipitroii. Industrial dusts which constilule a 
hazard to the hcajth of employees or interfere with 
jiroduclion proces.ses may be removed. Frequently, 
this dust is valuable and justifies collection. For 
example, a West Virginia pottery lias installed ten 
Precipitrons on its automatic glaze-spraying machines 
to recover excess glaze in suspension from the exhansl 
air. Kach jif these precipitators in a 40-hoiir week 
collects Soo lbs.* of glaze, value<l at from $48 to 1600. 
Air may be cleaned U) protect delicate apparatus 
such as automaife telephone switching equipment to 
which considerable trouble may be caused by dust 
so fine that *it cannot be removed by other than 
electrostatic means. In a private telephone exchange 
the average monthly number of service interruptions 
due to dirt thus has been reduced from 3.2 in only g. 
The ilir may be cleaned in stores to reduce damage 
to merchandi.se or in homes and offices to dimini.sh 
cleaning 'costs of walls, draperies, furniture, and 
■files. By this modern means, the first four floors 
and lower arcade of the new Field Building, tallest 
ill Chicago, arc supplied with over i6,ocx),ooo cubic 


feet of dust and germ-free air every hour. Finally, 
electrostatic air cleaning may result in a real relief to 
hay fever and asthma sufferers and may, moreover, 
reduce the bacteria content of the atmo.sphere in 
operating rooms and hospital wards, thus lowering 
the rate of deaths and contagion following operations. 
The American Society of Heating and Ventilating 
Kngincers, in co-operation with the Department of 
Industrial Hygiene of the University of Pittsburgh 
has just begun a i>rogramme of investigation on how 
the bacteria content of tlic air, especially in operating 
nx>ms may l)c affected by preci])itation and ultra- 
violet sterilization of dust. The classing together of 
dust precipitation and ultra-violet .sterilization in 
prominent research plans leads to the other modern 
means of air purifying. Of course , ultra-violet 
radiation does not free the air of its mineral or 
smoke constituents, like .silica dust or tobacco 
smoke. It only attacks and kills living matter, such 
as bacteria, germs, spores, and mould. 

Ordinary sunlight has sterilizing power but its 
action on bacteria is relatively feeble after penetration 
of the atmosphere. 1 C veil the employment of only 
the ultra-violet siiectrum without its neighbouring 
visible wavelengths is a senseless and costly means of 
killing micro-organisms, no better than killing 
rabbits with an elephant gun. For only a very 
limited range of the ultra-violet spectrum, that is the 
radiation of exactly 2,537 Angstrom of about 
I / 100, 000th of an inch wavelength, is an effective 
microbe dcath-niy, though harmless to hnnians. In 
the same \\T\stinghon.se research laboratories in 
wliich the Precipitroii lias been achieved, the 
vSterilamp has been developed, a rod shaped gas- 
iliscliarge lamp containing mercury va])our and other 
emitting gases. The di.scharge of electricity tiassing 
through this lube brings about an almost lieatless 
emission of selected ultra-violet radiation which 
contains about 80 ]K*r cent, of 2,537 Angstrom 
emission. Thus the elephant gun has become a very 
efficient bactericidal gun, and a very clieai) one at 
that, reipiiriug no more electrical energy than a 
lo-watt lamp and |;ossessing a useful life of approxi- 
mately 4,000 hours. 

No wTinder that this gun, shooting all around, is 
most effective against post-operation infections in 
operating rooms. The aseptic techiiuiuet used by 
modern surgeons has provided no defence against 
contamination from the air. Tests in a North 
Carolina hospital have shown that colonies of 
the dangerous staphylococcus bacillus were rendered 
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sterile* after only one inimitc’s exposure to 
the radiation of a vSterilamp at a distance of five 
feet. Operations on i>alienls have l)een performed 
under the lamp, and from the first the re.siilts were 
striking. Virtually all the bacteria in the air about 
the operative wound, the supply and inslrunieiit 
tables were killed and even in tlie extreme corners 
of the room the radiation eliminated eighty to ninety 
per cent of the germs. Without exception, where 
Sterilamps have been installed in f)perating rooms - 
and this has been done in numerous rnite<l States 
hospitals infections, formerly a constant lia/.ard, 
have practically disap[)eared. 

The great advantage of this bacteria gun is that 
it may attack and annihilate any germ not shaded 
from its invisible lays, whether still fioating in the 
air or already deposited on their prospective prey. 
That is why this lamp is ideal for use in electric 
refrigerators in which a .steady How of air takes 
place on account of the cooling process. A recently 
developed .small vSterilamp is now available as a 
])hig-in accessory to refrigerators. Not only any 
kind of mould on bread or milk is killed but also any 
bacteria floating in the circulating air before settling 
on meat or fruits. 

Wherever sterile air and surfaces are re<|uisite 
to the preservation of health, these special ultra- 
violet lamps are expedient and now used in a 
thousand ]) 1 aces. Grocery, meat, dairy, and bakery 
stores have tried the.se lamps out and obtained sub- 
stantial savings in terms of less spoilage, longer life, 
and higher (piality of their merchandise. Two large 
firms of the linking industry have been using the 
lamps to retard mould growth on fruit cakes, and 
conseciuently, spoilage fell from fifteen per cent to a 
trilling one or two per cent. In many other 
instances the lamps prevent mould contamination ol 
baked goods in cooling rooms and during the 
wramniig prfKress. f)n farms, barns and bows may 
be scrubbed, milking pails and ojicrators’ hands may 


be washed, but heretofore no satisfactory nietlunl 
has been known of preventing air-borne germs of 
falling into the pail l)efore raw milk is bottled. 
Today, Sterilamps are being used regularly in a 
number of farms, not only in connection with the 
milking operation, but in heii-houses, brooder-houses, 
and hog-]»ens. One of the largest poultry farms in 
the I’nited States has these lamps installed to com- 
bat chicken infecti«»n. In • restaurants and soda 
fountains, where common methods uf cleaning 
drinking glasses, dishes, and silverware are inelTec- 
tive in destroying all bacteria and often constitute a 
menace to public health, vSterilamps ha\e pnu'ed to 
be complete sterilizers of these easily contaminated 
utensils and to keep them sterile up to the moment «'f 
use. They are the ideal scdiition for this problem, 
since they can I)e installed in series along the inside 
shelves of bars and soda fountains, in wire glass- 
holders, etc. 'riiey accomplish a .sterilization of 
9<)’09 per cent in a few' seconds’ lime, thus eflfectively 
controlling the spread of air-borne diseases, such as 
colds, grip, pneumonia, and manv others, • 

• 

Tor the same lea.stJii a New Yfirk bank has a 
vSterilamp installed over each teller’s window, to 
reduce the hazard of comnumicating cold germs and 
other disease-breeders. One of the best known 
cosmetic factories in the I’nited vStates is using these 
lamps to irradiate toothpaste and cleansing creams. 
, Several manufacturers of food i)roducts even installed 
vSterilamps in the air ducts of their ventilating and 
comlitioniiig sy.stenis, and tests indicated that an 
exposure of a little more than one second killed 
ninety per cent of the bacteria floating in the air. 

'rims today, two modern means, electrostatic 
precijHtatif)!! and ultra-violet radiation of a selected 
wavelength, are used to make the air which we 
breathe and w’hich conics in contact with the 
necessities of life as pure as that the highest 
mountain peaks wdiere the sun itself dries that w'ork 
without need of human help. 



Wheat and Couch Grass Hybrids 

N. V. Tsitsin 


[We publish below an aeeoiiiit of liybridi.satioii of wheal -iiul coueh grass done at U.S.S.R. The species of couch 
grass of the genus .\};rol^yi‘ 0 }i are bnind mostly in the temperate, region. In India Agiopywn is met with only in the 
Himalayas and at a fairly high altitude (5(K)(>- 140(K) ft. usually). A. irpcns, which is one of tlie 5 species used for the 
above exj)eriment, is found in the Himalayas at elevatunis of SOOO 14000 ft. The paper has therefore not much bearing 
on the improvement of wheat or other crops in India. Ihit whether the hybrids obtnitied from .1. re pens or from other 
species will be suitable for the plains of India may be a subject for investigation of Indian workers on this litie. The 
problem tackled in this paper may therefore attract attention of Indian plant geneticists tow arils undertaking experi- 
ments on hybridising wheat with the IIimala\nn species .1. rt'pciis or other allied species of Indian grasses. 

—Editor.] 


^vS a result (jf extensive researeli the following 

species of C(»ncli grass: J. ulaucuni, , 1 . cloiijua- 
lum, A. irii hopomm , A. jitm inni and one variety of 
creepittg conch grass, A. npins have heeii crossed 
with^wheat. Kxperiinenls have shown that dilTereiit 
varieties of the above species of couch grass c.an he 
crossed with all species and varieties of wheat. This 
eiiahlett us, research workers, to fortiiulate a iminber 
of definite tasks in this work. We ttndertook to 
develop hybrids with the following ])roperties: (/) A 
highly productive variety of cereal with a large 
yield of grain of high nutritive value, {ii) Frost- 
re.sisting varieties capable of withstanding severe 
winters with but little protection from snow, and 
(Hi) .Drought-resisting varieties suitable for cultiva- 
tion in the drought-subject areas of the Soviet Uniofi. 
In 1930 after successfully evolving wheat and 
couch gra.ss hybrids, a hyi)othesi.s was advanced 
on the fea.sibility of developing a new variety of plant 
unknown in nature, namely, perennial wheat and 
in IQ34 this hypothesis was proved in practice. 

It will be, interesting to draw here a comparison 
between wheat and couch grass. Wheat is a plant 
cultivated by jnan^ and coibsecjiiently the various 
(pialities and pro])erties, it pos.scsscs, were gradually 
forced by man who adjusted this plant to his require- 
ments. Bnt couch grass, on the contrary, had to fight 
for its existence, accumulating all its properties and 
cpialities, adjusting its organism to all sorts of exigen- 
cies 4ind unfavourable conditions of growth. Thus, 
historically tlie development of wheat and conch 
grass w«'is totally different. 

Wheat as compared with couch grass is a much 
more tender and capricious plant which man pro- 
tects by various cultivation methods from dry winds, 


cold, frosts and .so on. On Ihe other hand, man is 
trying to exterminate couch grass by such methods 
as drying and freezing its ihi/onie, though these 
efforts are not always successful. Wheat requires 
good soil and grows poorly on inferior land. Couch 
grass, however, is so unpretentious that some of its 
varieties can even grow in .salt marshes and soil con- 
taining siilt. Most of the wlieiit varietii s are subject 
to fungal diseases, such as rust on stalks and leaves, 
smut, bunt and mildew, while many varieties of couch 
gras.s, as a rule, are not affecte-d by these diseases. 
Couch grass, iKnvever, grows on marsliy lands next 
to sedge, on salty lands and salty marslies, in sands 
and rocky mountain slopes, in arid plains and under 
the shade of trees and shrubs, and it can be found 
everywheie. In the inocess 01" strugi'.le for existence 
couch grass has become very hardy. It can resist 
both high and low temperatures. The tremendous 
cajiacity for self-propagation which is accomplished 
both by vegetative propagation and true reproduc- 
tion renders the struggle with this plant extremely 
difficult. A powerful rhizome which accumulates a 
great reserve of nutritive matter makes couch grass 
one of the most unpretentious [ilants. 

Our experiments have disproved the conception 
current formerly that couch grass, in view (ff its 
adaptability to reproduction by vegetative propaga- 
tion, is a plant of little fruitfulness. The gveat fruit- 
fulness of certain varieties of couch grass (5,000 seeds 
and more in one plant as compared with 100 and 150 
in wheat under the same conditions of growth) makes 
it extremely valuable for hybridisation. Taking 
account of all these valuable properties experiments 
were undertaken to transmit them by heritage 
to cultivated plants and w'e began experimontiiig 
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on tlic crossing of wheat with couch grass. The 
first generation lx>rn of a crossing of the seeds of 
wheat and couch grass resend des couch grass in out- 
ward ajipearance. Its shoots just like the shoots of 
couch grass are of violet, reddish or orange colour. 
The plant has many stalks. (Outwardly the ears 
resemble those of couch grass and only a chise 
e.\amination would reveal a number of properties 
inherent in wheat. 

All plants of the first generation are i»erennial. 
It should be noted that the hybrids react shandy to 
an improvement in conditions of growth. Pr(»t)er 
cultivation and mineral fertilizers raise the yield 
from one and a half to two times. The plants have 
powerful roots which at times extend for two metres, 
a fact of tremendous importance in devehiping 
drought and frost-resisting varieties. In their 
lesislance to drought and cold hybrids of the first 
generation considerably e.vcecd even couch grass. In 
llie ni-iin, ]dants of the first generation are totally 
inimiiiie to rust and smut, the usual diseases of 
wheat. The hybrids could be divided into two 
gioups— the spring and winter varieties ; it is highly 
significant that hybrids obtained by crossing couch 
grass with spring wheat jjroduce grain at the first 
year while hybrids obtained from crossing winter 
wheat bear grain only at the second year. As an 
exception there are some plants which behave 
ditTereiitly from other jdaiits in the group. 

Hybrids of the second and third generation 
received by continuous crossing with wheat pollen 
bear mostly the i)roi)erties of an intermediary variety : 
the original proi)erties of the hybrid undergo a 
change ; the projierty of a perennial ])lant grows 
weaker with each succeeding generation ; oil the other 
hand, the fruitfulness rises and mo.st jdaiits retain 
the resi.stancc to di.seascs posses.sed by couch grass. 
At ])rcsent we liave a iminlier of varieties of annual 
and perennial wheat which possess valuable proper- 
ties.^ Of great interest among the perennial wheats 
are two varieties known as 23086. A speci- 

fic (piality which distiiigui.shes the perennial varieties 
from the usual annual wheat is their ability to grow 
again after harvesting and to eome to life after 
wintering^ The perennial hybrids of wheat, variety 
34085, represent powerful plants with many stalks 
and strong leaves. The roots are fibrous in the 
main. Tn the pre.sence of moisture they are capable 
of forming creeping roots. The stalks arc straight. 
The ])lants have an average height of 65 to 70 
centimetres. The straw is rather strong and docs 
not lend to lodge. 


A number of plants of this variety has the 
property of producing in field conditions roots a])ove 
the surface, the formation of, the latter usually takes 
l»lace at height of 2 to 3 eentimetres from the ground. 
The number of stalks that head into grain from these 
roots reaches 6 to 7. The ear when the grain rijieiis 
is of white colour with a yellow tinge ; it is hard 
thresh and is bearded. The ears grow to an average 
length of h to ro centimetres. An ear has 10 to 18 
.sifikelels, the spikelet has freftn b to 7 flowers, while 
the number of kernels varies from 3 to 4 ami some- 
times 5 and h. The iiumlier of grains in (Jiie plant 
reaches on tile average 30^) to 350. Tile seeds are 
red and large and weigh 25 to 33 grams per 
thousand. 

The above variety of wheat jjossesses great 
vitality. Research has shown that in three years 
under experimental conditions it is capable of 
yielding 7 to 8 crops without replanting. Experi- 
ments ill field conditions are now in progress. Even 
under the iiiifavoiirable conditions of last year, 
liereiinial wheat 34085 yielded 25 metric ceiitak per 
hectare e.xceeding the yield by 7 metric centals of 
the best varieties of wheat. The i)aiticular re.sistance 
of variety 34085 to drought and .salt makes 'feasible 
its te.sts oil salty soils and in districts of a .sharply 
continental climate. 

The other variety 23086 also possesses very 
valuable properties. x\s distinct from 34085, it is 
beardless ami jiossesses gieat resistance to cold. At 
present we also have develojied a number of other 
varieties of ]>erennial wheat which* are of consider- 
able interest. Our experiments oiler grouiuls for the 
assumption that perennial wheat when jfianted in the 
northern and central regions of the Soviet Union 
would yield one harvest of grain and would also be 
mowed once a year for fodtler. In the southern 
regions it would be feasible to raise two harvests of 
grain and one fodder croj) a year. 

The hybridivSatioii of wheat i 5 rciimrkable for the 
fact that it solves in principle the ])roblem of the 
ixissibilily of developing ])crennial whgal, which* 
until very recently was a debatable (luestion in 
agricultural science. Alongside with the numerous 
varieties of perennial wheat wc have also developed 
annual plants. The annual hybrids of wheat and 
couch grass in the main are not inf6rior in tiveir 
yields to wheal. A number of varieties produces a 
yield considerably higher than wheat as well as a 
superior grain. • 
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Tlicrc arc hybrids producing* yields 50 per cent 
liij^her than the l)est varieties of wheat such as 
Lyiitestseiis O and Tseziuiii Oiii. »Sonie 

varieties of hybrids though infected with spores of 
smut for a number of years have proved immune to 
these. vSimilarly there are varieties absolutely 
immune tf) rust on stalks and leaves. The variety 
’jN.So ill natural conditions even with the e.xcess of 
moisture does not lodge. This variety is not 
alTected by smut, l)unt*or rust and neither does it 
vsliell (mt. Its bjiking (pialities are even superior to 
those of the best standard wheat Tsezium Oiii. 
In it yielded .V4..S metric centals per hectare 
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as compared with 13.2 metric centals of Tsezium 
O nr. 

Kxperiments are at hand on crossing other 
cultivated i)lants with the wild growing flora. For 
example, the rye-couch grass hybrids we have 
developed, enabled us to solve the problem of 
evolving a new variety of rye with changes in the 
l)iochemical i)ropeities of the grain. The hypothesis 
advanced by us several years ago that for every 
cultivated plant it is possible to find a wild growing 
one for crossing has now become the guiding 
jiiiiiciple in the work of many Soviet scientists and 
experimenters. 


ScfFNCK AND CuVrURK 


BACTERICIDES FROM SOIL 

% 

Dr Rknk' J. Drnos working at the Rockefeller Institute for Medical Research in Xew York has dis- 
covered ‘a new method of producing bactericidal agents. Dr Dubos began his line of research nearly a 
decade ago. He mixed a large number of soil samples gathered from difTereiit localities, baked the mix- 
ture at moderate temperature to decom|)ose most of the dead organic malerial, and then injected a sample 
of the specific bacteria for which he sought a killer. One of his early trails was with the 'fype 111 pneumo- 
coccus, cause of one of the most baflling and destructive types of pneumonia. ,\fter an a])i)ro])riate 
waiting period, he analyzed the soil to find a bacillus whose enzyme dissolved the shell of the pneumo- 
coccus. Later instead of a single bacterium, he inserted in his .soil sanijile a potpourri, including 
i»neumococci, streptococci, staphylcK'occi -all iepres<.*ntalives of the Oram-positive group of bacteria, named 
after the Danish scieiili.st Hans Christian Joachim ( iiaiii, who indicated a significant division among bacteria 
on the ba.sis of their ability, or lack of ability, to retain a certain violet dye. Analyzing his soil sample at 
the end of two years -during which time he had added more Oram-positive bacteria pericKlically -Dr Dubos 
found a bacterium that was less selective in its bactericidal tendencies. He described it as a “Oram-positive, 
spore-bearing, aerobic bacillus, capable of lysing the living cells of many ( iram-positive microbial species”. 
In fact all ('ram-tiositivc species thus far tested arc killed, many of them dissolved, by the exudates of this 
one bacillus. , 

T.he 'rcchnoloj^y Nevi^'ic reports that further study revealed that a fractionation of the agent released 
by the bacillu^; 'aiub soluble in alcohol, acetone, and dioxaiie, Init not in water, was the true bactericidal 
agent, and tliat it was lifty to one Iiundrcd limes as active as the original extract. When tried on mice, 
n single miirigram was suflicieiit to ward oft' as many pneumococci as would normally kill ten thousand 
of those animals. On the basis of such tests, it app^-^ifJi Ibat a bacterium lacking the tyi)e of food to 
which the strain has been accustomed, may adapt itself, developing an enzyme that will digest whatever 
organic material happens to be present. .Once the bacillus w'as isolated, it was cultured in peptone until 
large amounts of its bactericidal enzyme could be extracted with the centrifuge. The agent is yet to be 
tried on man.* t 

Dr Dubos li(>iK‘S to find in nature microbial species with calaly.sts for any type of biochemical rcac- 
*tion. He further hopes that some day soil organisms opposite in character to the present ones will be 
discovered, such as Oram-negativf bacilli and the acid-fast bacteria, causing tuberculosis and leprosy. 
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Introduction 

man must have food in order to ])rovide for 
materials for the ^r^^wth and development of 
the pliysi(iiie as also to have adccpiate supply of 
ciierR-y for his bodily reciuircmeiits. The amount 
and the (luality of food vary according to various 
factors such as age, sex, occupation, etc. As a 

result of idiysical exercise and the various vital pro- 
cesses within the body including thinking there is 
wear and tear of the body tissues which require to 
be constantly replaced. Kven when a man is 

normally asleep, the vital parts of his organism arc 
working cmitinuously and food has to be i)rovided 
f<)r such processes to continue their function in a 
liealthy manner. 

For the purposes mentioned above tlie various 
kinds of tissues forming the human liody, that is, 
nerves, muscles, bones, glands and other cellular 
organs have to l)e provided with suitable special 
tyi)es of food elements. For muscles and Innies, 
protein and certain minerals like phosphorus, 
calcium, etc., are essential. Similarly, for the 
nervous tis.siics, protein, phosphorus, carbohydrates 
are es.sential. To keej) the metabolism in the human 
body ill ])roper order, one must have ade(iuate sui)ply 
of difTei*ent tyi)es of vitamins. Vitamin A is neces- 
sary for giving man the power of resistance to infec- 
tions diseases. It as.sists growth and prevents night- 
blindness. Tt is found in butter, eggs, ghee, oil, 
meat, milk, liver — particularly of lish— and green 
leafy vegetables. Vitamins Hj and arc found in 
the pericarp of cereals like rice, wheat, mai/.c, etc. 
Vitamin C is found in all citrous fruits like lemons, 
oranges and limes and in fresh vegetables and meat, 
which, however is largely lost in cooking. Vitamin D 
is found in eggs, milk, fat, liver — particularly of 
fish. The human skin also produces this vitamin 
when exptised to sun’s rays. Vitamin K is found 

• Based on n lecture delivered at the Calcutta Corpora- 
tion Comiiiercial Museum on the occasion of the 1'o<k1 and 
Nutrition KXpositiou. 


in the germinated portion of all cereals, seeds, eggs, 
etc. These vitamins should be present in adetjuate 
quantities. This is essential because not only do they 
have specific actions themselves on the body but 
many of them have alst) marked influence over the 
action of the other. In other words, they assist 
mutually a great extent. For production of 
energy, fats like ghee, butter, oil and carbohydrates 
like wheat, rice, sugar and vegetables are essential. 
I'or ihe total letiuireiiieiit of the body, there should 
be proper siipfdy in dilfereiit forms of the following 
essential principles of FhxI : proteins, Jats, <:arbo- 
hydrates, salts, vitamins and water. These are found 
in different quantities in different articles of food. 
Protein is found in meat, fish, lentils, milk, eggs, 
etc. Carbohydrate is found in rice, wheat, milk, 
certain tubers, vegetables like marrow', fruits, etc. 
Fat is found in milk, butter, ghee, mustard and other 
edible oils like ti( and cocoanut. 

In the i)roblein of suiqdying wholesome food and 
the necessary nutrition the following factors are 
involved : (?) production and supply, (h) preparation, 
(Hi) cooking, (iv) distribution and ‘side, (v) quantity 
and (lualily, (ri) ingestion, (vii) utensils, (viU) assi- 
milation and excretion, (ix) age and sex, (.v) occu- 
piition, (a?) climate, (xH) cost, and (xiii) adulteration 
of focKl. 

PKODUCTION .^ND Sui'l'UY OK Foort MATKRIAL 

As food is c.ssential for life, it js desirable that 
the country should produce its owm* rc(|uired food 
supply. When a country cannot i>roduco the reciuired 
amount, the deficiency can be met by supplies from 
other countries. This is i)ossible now due to easy 
communications all over the world. In order to do 
so, the country must have the wherewithal to pay for 
the commodity im])orle<l. Usually tl^iose countries 
which do not produce sufficient f<Kjd, pay. for the 
imported food material by exporting industrial or 
other products. For example, England exports large 
ciuaiitities of industrial products in order to pay for 
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her food material. It is Jieedless to i^oint out that 
our oouiitryiiien are uuderiiourished. Footl is not 
in abundance and added to this, the poor cultivators 
are compelled to sell off a part of their own food- 
crops to meet other demands. On the other hand, 
industries are yet to grow to supply to our needs, 
not to speak of exporting their products. There 
should therefore l)e a concerted drive to produce our 
own fcKKl materials in sufiicient (luaiitity at present. 
I^fforts may be made for more intensive production 
by adopting suitable methods, and if necessiiry, with 
the help of State i)rolection. Only a decade or so 
ago India used to import a huge quantity of sugar, 
but now mainly by a revision of the tra<le policy, 
particularly with regard to this comnuxlity, sugar 
industry has become self-suflicicnt. India still 
imports large (luantities of rice. One of the main 
reasons for this deficiency is the low yield per acre 
on account of poor cpiality <if the .soil. Japan pro- 
duces nearly 15 to 16 maunds of rice per bigha 
whereas we produce on an average only 7 maunds. 
Although mustard oil and ghee are consumed to a 
great extent* in Bengal, the i)rovince barely produces 
half of her requirements, 

Prkuaration ok Food 

After the food supply is obtained, it has to be 
proijerly prepared. For example, i>addy has to be 
husked and the rice from it has to be cleaned and 
washed. Home-pounded rice is far .superior in food 
value to milled rice. Yet it is a matter of great 
regret that sufficient (piantitics of home-pounded rice 
are not available for even the Goveriimeiit or Gov- 
ernment-aided institutions. Similarly, vegetables 
have to lx,* cleaned and the meat dressed. Such pre- 
paration shoidd be done in a clean place and in a 
scientific manner. Rice should be cleaned but not 
rubbed hard during the process of washing, as by 
doing so a lot •of salts and vitamins are lost. Simi- 
larly some vegetables and frifits .should Ixi eaten with 
their skin on, fpf example, tomato, apple, etc., while 
others like mango should be peeled. .Tho.se food 
articles which are eaten raw should be particularly 
and carefully cleaned and washed with clean water, 
otherwise there is chance of bowel diseases. 

Cooking 

’ From time immemorial cooking has lx?en a great 
art. King*s connois.scurs as well as the poor, have 
enjoyed and eulogised a properly cooked meal. In 
the European countries in the modern hotels, 'chefs*, 


usually men, arc highly-paid persons. In this 
country, women as a rule have excelled in this art, 
in any case, in private homes. Cooking is really a 
si'ientific art but a great deal remains to be done on 
a scientific basis. The material should neither be 
overctKjked nor underdone. Only when the food is 
properly cooked, does proper as.similation take place 
and one gets the greatest benefit. Certain articles 
re(inire to be cooked at a low temperature but for 
a long lime, wliile others retpiire to be cooked at a 
high leinperature but rising gradually. Overcook- 
ing makes the food insipid, while food which is 
underdone may give rise to griinng. Overboiled 
milk loses most (>f its vitamins, while underdone 
vegetables are m)t good for digestion. Cooking of 
rice in a proper way is essential to get the best l)ene- 
fit out of it. Rice should be cooked in such a way 
lhal no water has to be throwm away after it is 
eH)oked, as otherwise one h)ses a great deal of vita- 
mins and valuable salts. Cooking under steam 
pressure ])n>bably gives the best results. Fried 
food is usually not very iKiieficial although it may 
appeal to the taste. 

Dlstrihution and Sai.k 

In our social dinners large numbers of people 
are invited. But do we lake the ulnu>st care for 
the proper cooking and distribution of the fotxl to 
our guests? Do we ensure that the banana (.)r other 
leaves or earthen ])latters on w'hich food is served 
are scnqmlonsly washed and carefully cleaned first? 
Very often w’e do nrit and th. t is why we so often 
notice dirty finger marks on them or sometimes 
actually' find dirt attache<l to them. Do w^e ensure 
that no food which is distributed to the guests is 
touched by hand? We do not. And that is why it 
is a common sigiit to sec pilau, fish, curry, dal, 
sweets being distributed by hand without a spoon 
or ladle being used. Nor do w'c ever l)othcr even 
to make enquiries al^mt the people, cooks, servants, 
etc., whom we engage for such occasions as to 
whether they have suffered from any communicable 
diseases such as dysentery, tyi)hoid, cholera, tuber- 
culosis and syphilis. It is lx?cau.se of this utter care- 
lessness and indifference to rules of health that we 
find tragedies happening in homes after a person or 
pcrsfuis have been to a .social dinner. Typhoid and 
para-typhoid, cholera, acute diarrhoea, indigestion, 
etc., are jlome of the penalties we have to pay if we 
accept a large-scale social dinner. Meat and fish arc 
very often sold under very unsatisfactory conditions. 
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Cooked food is often sold under very unhygie- 
nic conditions. The conditions prevailing in a very 
large number of tea-shops and lower-grade restau- 
rants are simply abominable. There is no proper 
arrangement for washing the used i)lales, cups and 
siuicers. These should be effectively controlled by 
the local authorities who arc primarily responsible 
for issuing licenses to these i)laces. The terms 
under which the licenses can be granted should l.e 
carefully framed and clearly slated at the hack of 
the license. The remedy reciuires a little planning 
and the will to do the best for the coiiiiiuinily. 

Ql’XNTiTV AMJ QuAMTY ( )!•' 1m)()I) 

111 order to get full nourishment one has to eat 
a sufficient quantity of food. Not only (luaiitity is 
necessary but tlie ciualily is also essential. There 
is a good deal of difTereiice between fresh food and 
fo(id which is either stale, contaminated or of poor 
(jiialily. Rice is usually decried as an article of 
diet because of its alleged poorer nourishing value 
lliaii wheat. Ihil the defect lies in the faulty method 
of preparation and cooking, when ric'e losers most of 
its vitamins, nitrogen and salts. 

iNf'.lCSTloN OV Food 

'I'liis is an important jirocess. One must not 
consider tliat one can gnl]) down food ami derive the 
best ]»enefit out of it. That is not so. The bxnl 
should be properl>' masticated so that the saliva gels 
an op])oitunity to mi.\ with the material. It is only 
then that |)roper digestion and assimilation could 
fHViir lower down in the stomach and in the intes- 
tine. I^'urther, bxnl should be taken in a clean ])lace 
kept apart for the i>urpose and, wherever possible, 
in good comt)any. A cheerful mental condition at 
the time of ingestion has an important effect on the 
digestion and assimilation of food. 

Utknsils 

It is needlc.ss to assert that utensils from which 
food is taken should be scrui)ulously clean and 
should Ixj of such material as is not affected by the 
food itself either during its cooking or when it is 
being eaten. For e.xample, badly tinned utensils 
when utilised for cooking may give rise to copper 
poisoning, while acid material put on brass plates 
may give rise to metallic poisoning. Simifarly dirty 
plates, cups and glasses may give rise to communi- 
cable. diseases, Such as typhoid and cholera. 


Assimu.ation and Excrktidn 

No matter how food is prepared, no matter how 
much it may be of good quality, if one is not able 
to assimilate it and derive the best benefit out of it, 
ingestion of food only leads to excretion of large 
amount of faeces. In order that assimilation may 
lake place to the highest extent, one must be physi- 
cally fit ; bowels must move prf)perly and he must 
take sufficient exerci.se. Phi^.sical exerci.se is particu- 
larly important for rice eaters, that is the only way 
in which real benefit can l>e derived from rice. This 
is clearly shown by the Nepalese and the Japanese 
who do not shun manual labour. On the other 
hand, the Heiigalees and the Madrasees suffer from 
a shyness of physical labour — particularly the 
liengalees, with the result that they suffer very 
greatly from diabetes and bowel di.seases. Hulky 
vegetable diet increases the amount of faeces, 
whereas a diet rich in protein does not do so. 

Ac.r and vSkx 

(Growing children reiiuire proportionately niMcli 
more nourishing b^od than peopK* adxaiiced in age. 
After the age of jJo, one should cut down the i|uantity 
of food that one takes daily and (occasionally fast, 
say, once a month or so. Carried out in a reasonable 
manner, fa.sting is beneficial for health, particularly 
when the life's sun is on the decline. Women, 
when they are pregnant, retiuirc much more nourish- 
ing food as they h.axe to sup]>lv all the building 
material not only for their own Inodies but for the 
infant whit'h is growing inside the womb. Serious 
deficiencies in the elements of food during the period 
of the gestation may have a very regrettable influ- 
ence (jver the growth (if the child. The l)ones may 
be soft and the child may be deformed. Similarly 
people doing hard manual labour recpiire a different 
type of food from those doing brain work. Tlie 
former rctiuire i)roporlionately more carbohydrates 
such as are contained in rice, wheat, etc.,‘ and in 
fats and oils, while the latter l■c^luir^^ comparatively 
more of proteins such as are obtainable from meat, 
fish, cliJiann, cliec.se, dal, etc. Therefore we must 
e.xercise intelligent discretion regarding the articles 
of food and drink that we reciiiire in accordance with 
the factors ineiitioncd above. 

OccupA'riON 

A man doing hard phy.sical labour, siicb as a 
blacksmith, refiuires a comparatively large quantity 
of food and can digest properly a greater proportion 



24 


SCIKNCK AND CULTIJRK 


Vol. VI, No. 1 


of carbohydrates, such as rice and wheat, while a 
brain worker or a man with a sedentary habit re(iuircs 
more of i)rotein and less of carbohydrates. If a maxi- 
mum anunint of energy is reciuircd to be prtxluced in 
a minimum space of time, a greater proportion of 
pnjtein is recjuired, while the man with the pre- 
dominantly carbohydrate diet can sulTer privation 
longer. 


cieiit. We should spend a suHicieiit amount on 
food commensurate with our income, but at the 
same time we must get the fullest benefit from the 
diet for the nutrition of our body, as it is only by 
doing so that we can maintain our health and physi- 
cal fitness to produce the maximum amount of w’ealth 
which the community demands of every citi/.en 
living within its ambit. 


Cm M ATH 


Ai)Ui/rKRATioN 1)1? Food 


Our food must be suitable to the time of the 
year, that is, to a certain extent there should be a 
variation during the winter and summer. The essen- 
tial element must remain the same but more fat may 
be consumed in order to help the body in the pro- 
duction of more heat during winter. Conversely, 
during summer, there may be a certain reduction in 
the consumption of fat and meat. 

Cost of Food 

In a comparatively poor country like India, the 
cost oTF diet ’is a very important item in the family 
budget. As the wage earning capacity of an indi- 
vidual is practically the poorest in the whole world, 
he cannot have very much to spend on his family 
budget as a whole. In luiropean countries, cost <«f 
food generally forms 25 to ss per cent of the income 
of the average middle class and in the poorer classes 
about 40 per cent. Ihit, in India, food iiractically 
forms nearly 60 j)er cent and at times even more 
than that for the pcwircr classes. This means ulti- 
mately that in India there is very little reserve left 
to fall back upon when the earning capacity is 
reduced or when the wage earner is unemployed. 
However, one has to make the best out of the pre- 
sent circumstances and one must cut down the super- 
fluous food material from which one cannot derive 
the fullest po.ssible benefit. Fven with the limited 
resources available at our disposal it is possible to 
do so. ‘Many articles whicTi we consume in large 
bulk can be saWly rt'duced in quantity and replaced 
by more nutritious material re(|uircd in. much lesser 
quantity, \yhich would not entail any extra exi>endi- 
ture. The Public Health Department of Bengal has 
worked out a number of chcaj) menus varying in 
cost, the- minimum of which is Rs. 3/- per head 
per month and some of these have been mentioned 
in -the booklet written by the iiresent writer 
^Problem of Rural Rccnnslruclion.” But we must 
•not run away with the idea that the minimum is the 
optimum. For an average middle cla.ss Indian 
family, Rs. 12/- per head per month mayj)e suffi- 


Jt is a matter of regret that when money is 
found, proper nutrition cannot lx; ensured due to 
adulteration of foodstuiTs by unscruinilous persons. 
Unless articles are iiurchased from reliable vendors, 
we are likely to be cheated l)y dishonest dealers. 
Adulterated mustard oil gives rise to epidemic 
dropsy and adidterateil flour may give rise to severe 
choleraic symptoms. One of the best metluKls to 
tackle this, from the point of view of the community, 
is not only the enforcement of the Foo<l Act dealing 
with adulteration or safeguarding the standard of 
purity of bxxl, but organi.sed boycott of those 
unscnipulons grocers and shopkeetiers who deal in 
them. The enforcement of such Acts largely depends 
upon the local authorities and for this purpose they 
mu.st maintain an adeipiate staff of properly (pialified 
men. There must be laboratory facilities for the 
examination of the .sample of food. Develoi>nient of 
local facilities should be encouraged where de.sirable 
but the ipiestion of undue parochial influence has to 
be borne in mind. 'I'he alarming state of affairs re- 
garding adulteration is shown below. 


Pkrcknta(;r of Adtti/i'kration. 



Disiriil 

Hoards. 


;i nicies 

iVrccnlage found 
ndulteratctl. 

Pe rcentage found 
adultcnitcd. 


lho7. 

1933. 

1937. 

1933. 

MiislanI oil 

2P0 

320 

21-3 

28- 1 

('fliec 

41-7 

23- 1 

31-9 

27-7 

.Milk 

J//rt ami 

fi8-4 

77- 1 

72-7 

71-6 

Wheat flour 

8-7 

nil 

.3-7 

1-9 

Tea 

5-7 

nil 

10-5 

nil 

Clianna 

23 3 

I.S-7 

nil 

nil 

Dalti 

95-4 

85-7 

590 

77-7 

Iluttcr 



27-2 

83-3 


Nutritional FAcmK 01 ? Food 

«< 

Not lyily .should one have sufficient food but one 
must have a balanced diet. Unle.ss this is achieved, 
any one or more of the diseases mentioned below 
may arise : 
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Diarrhoea, l)ysi)epsia, Constipation, Diabetes, 
Hcri-Ikri, vStcrility, Amblyopia, Rickets, Osteoma- 
lacia, Scurvy, Pellagra, Lathy rism and Carious 
teeth. Food wliich is very rich and contains a lot 
of acid element, contaminated food, fo(xJ which is 
not i>roperly cooked and unripe and ndleii fruit 
cause diarrhoea and dyspepsia, while iiiadecpiate 
roughage leaves little residue and leads to consti- 
pation. Overconsumption of sweet and starchy food 
particularly, when combined with lack of sufilcieiit 
e.xercise, leads to diabetes. Continued eating of 
polished rice cause beri-beri. Lack of consumption 
(if eggs, seed grains which are devoid of the germinal 
parts may lead to sterility. Insunicient consumption 
of food like butter, leafy green vegetables which 
contain vitamin A may cause amblyo])ia. I^ack of 
consumption of siiflicieiit (luantity of milk, eggs and 
other fotKlstuffs which provide the calcium of the 
l.(-dy as well as lack of vitamin 1) leads to rickets 
and osteomalacia. Long continued consumption of 
tinned and dried food, absence of citrous fruits, fresh 
vegetables, hsh, meat, milk in the diet causes scurvy. 
Similarly long continued deprivation of vitamin Ik, 
may give rise to pellagra, while continued con- 
sumption of Khcsari dal causes lathyriasis. 

h'roni the analysis of llgures of e.xamination of 
scliiMd children in the piovince, it seems that 
defective tliet is common both in the lural and urban 
.neas. This rather supports the view that the food 
111 this i»rovince is deficient in nourishment and is 
ill-balanced. 


Apart from the diseases mentioned alK>v^e, ill- 
balanced and insuHicieiit diet has a definite bearing 
on the incidence of such diseases as tuberculosis and 
leprosy which get a much easier hold tin people who 
arc ill-fed, especially when the diet is ill-balanced. 
As a matter of fact, good nutritional level increases 
the powers of general resistance, particularly to 
i n feet ions diseases. 


CnNCI.USlON 

What is essential with regard to focnl is that we 
must have a balanced diet. A balanced diet should 
contain protein, carbohydrate, fat, vitamins, salts 
and water in pn>per fpiantities. It should not only 
be (pialitatively correct but the (lUantity should also 
be suH'icienl. It is not essential to have meat always. 
.•\ good deal depends on the availability, climate and 
habit with regard to vegetarian and non-vegetarian 
diets. Ihit it has been well established by Sir Robert 
McCarrison that Sikh diet is jiractically the l)est diet 
in the world. It consists of wheat, vegetables, milk 
and milk i>roducts. Meat is only occasionally taken. 
At least one third of the total amount of.])roteiii 
re<|uire<l for the Ixxly should be of animal origin, 
which need not necessarily mean meat but may be 
lish, eggs, or milk products, h'or a normal person, 
the food should contain a certain amount of rough- 
age. This hel])S to keep the Imiw'cIs open and 
l)revent the serious obno.xious elTects of consti]»ation. 


PHILANTHROPIC CONTRIBUTIONS IN U.SA 

Thk record for the year throws no new light on the (piestion as to whethei the total annual, 

amount of idiilanthropic coiitributi(ms is likely to rise or fall. On the other hand, it does confnm the 
impressioli that the base of supply is steadily widening. It is significant that a Masonic body in Ohio is 
contributing $50,000 a year for research in mental hygiene. It is significant also that the huiuan ajj well as 
the economic problems of modern housing are being attacked by hcderal, State and municipal authorities, by 
two younger foundations, the Ford and the John 11 . Pierce, as w\*ll as by ceitaiii of the okk'r ones, 
and finally by real e.state and instirance interests, notably by the Metropolitan Life Insurance CHunpaiiy, 
which is investing some $65,000,000 in a housing development in Xew Yoik City. 

— Rot^ort of the Rresideni of the C^arnegie Corporation of New York, 
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Koval Hotailic ('lankn, Calcutta is situated on 

the west hank of the river Hooi;hly an<l is only 
a few miles from Calcutta. The* Itotaiiic (oirdeii *it 
vSihpiir, near Calcutta, thus offers reniarkahle 
parallel to the Royal Botanic (rardeii, Kew, which 
is siluattHl on the hank of the river Thames and is 
only a few miles from London. Both the i^ardens are 
of hi.yh scientific interest as well as of .lireat aesthetic 
heaiity. Both of them serve as source of inspiration, 
educa<i(m and research for their maiiv visitors. To 
quote vSir Arthur Hill’s words, “May they find in 
them both spiritual rest and refreshment and also 
that tree whoso leaves wore for the hcaliii.i»- of 
nations”. 

Ihit the Royal Botanic (lardeii, Calcutta, has a 
different origin from •its sister tlic Royal 

Botanic Garden, Kew. The Kew Garden, which is 
younger than the Calcutta Garden hy alxjiit fifty 
years, owes its orij^iii to the interest in Botany 
of Royalty. But the Royal Botanic Garden, 
Calcutta, like many other overseas Indaiiic .gardens 
foiindeil in later years of the i<Slh century, was 
founded with economic and scientific aims. Altlioiinh 
the Royal Botanic Garden, Kew, with an area of 
288 acres can at present claim to he the largest 
botanic garden possessing the largest herbarium in 
the world, it was started wkh only 15 acres of land 
in 1 84 1. The- Rqyal Botanic Garden, Calcutta, 
started with a little over 300 acres of land and at 
.present occupies an area of 273 acres. 

Col. Robert Kyd of the Bengal Infantry, the 
then Superintendent of the Hon’ble Comi>any*s 
dockyard and Secretary to the Military Board of 
Fort William, a keen horticulturist, suggested 
on* the. Tst January, 1786 to the Governor- 
General, Sir John Maepherson, then officiating 
in the absence of Warren Hastings, to form a botanic 
garden in Calcutta. Without fftrther delay effect 


was given to Kyd’s proposal and with the subse- 
quent approval of the Court of Directors in Ungland, 
the present .site then measuring about ;^io acres 
immediately below Kyd’s private gardens was 
ac(inired. Col. Kyd very appropriately was also 
appointed as the Honorary vSuperintendent and the 
work of developing this area into a botanic garden 
commenced with Kyd’s valuable collection of exotic 
plants. The Garileii henceforth became the properly 
of the Kast India Company under the control of the 
Governor-General-in-Council. This is the rea.son 
why the garden is .still hnown among local people as 
the ‘Conqmny Bagan’. The epithet ‘Royal’ came to 
be ai)plied to it after the Queen’s Proclamation of 
1857. The control of the Garden apparently i)assed 
on to the local Government on the constitution of 
the Province of Bengal in 18.V4. Kyd conlimied to 
perform the duties as Superintendent until his death 
in 1793. A marble monument was erected in memory 
f)f Col. Kyd at the centre of the Garden. 

Dr William Roxburgh, the Company’s Botanist 
in Madras was appointed as the first official Super- 
intendent in 171)4. Roxburgh built the Superinten- 
dent’s house in 1795. This house is now 145 years 
old. Roxburgh was the first to draw up a catalogue 
plants then growing in the garden. This 
catalogue, 'Ilortus Bcngalensis', in two parts was 
published after Roxburgh’s departure from India in 
1813 by his friend Dr Carey, the celebrated mission- 
ary. Roxburgh’s 'Flora Indica*, his 'Plantae Coro- 
mandcUanae* composed in three volumes and his 
magnificent large portfolio coloured illustrations 
numbering 2382 embodied in 35 volumes prepared 
during the years 1794-1814 with the help of Bengali 
artists form the ba.sis of Hooker’s Flora of British 
India, and many subsequent works on Indian plants. 
Roxburgh thus fully merited the title of “The 
Father of Indian Botany”. The famous scientific 
society ulider the title of ‘United Brotherhood’ was 
established at this time by Ro.xburgh’s preceptor John 
Gerard Koenig, a pupil of Carl Linnaeus, whp was 
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the ftiiidiiiR sidrit of Roxburgirs botanical studies 
in India. Sir William Jones who founded the Asiatic 
Society of Hcngal in 1784 was one of the nieinlx^rs of 
this brotherhocKl . Roxburgh died in 1S15. A 
nionuineiit was erected in the Garden near the ( treat 
Banyan to perpetuate his ineniory. 

Dr Francis Buchanan, (afterwards Sir Buchanan 
Hamilton F.R.vS.) succeeded Roxburgh along with 
others. Sir Ihichanaii, an accomplished Ixjtauist and 
geologist was on special duty in connection with the 
development of agriculture in India and* in the 
collection of materials for a gazetteer. 

In 1817, Dr N. Wallich, an able and energetic 
botanist, was appointed and he hehl office until 1840. 
At this time the eastern portion of the garden 
measuring 40 acres including the teak plantation was 
given up by Government to the Lord Bishop ot 
Calcutta (Dr Middleton) as the site for a Cliiisliaii 
College known as the Bishop’s College. This college 
since 1880 is the Bengal Kngiueering College, vSibpiir. 
In 1836 about 2 acres of land were allotted to the 
Agricultural and Horticultural vScxiely of India, 
which was founded in 1820 by William Carey, its 
lirst President. This area exiianded to alniut 25 acres 
where the Society in co-operation with the garden 
officers coiuhicted greater part of its agricultural and 
horticultural operations for alM)ul .p) years until 1872, 
when the Society’s garden was transferred to its 
IMeseiit site in Alipur. 

Dr Nathaniel Wallich, F.U.S., undertook an ex- 
tensive survey of a large part of the Indian Knipire, 
IKirticularly in the little known region of Kumaon, 
Xepal, Sylhet, Tenasserim, Penang and Singapore. 
His enormous collections were catalogued and named 
in Kuroi)e by himself and with the help of other bota- 
nists. They were then distributed to all the leading 
botanical institutions in Europe. A more or less 
complete set of this valuable collection however is 
still in the Calcutta Herbarium together with 
Wallich’s voluminous irreidaceable catalogue and his 
correspondence from I7g4 to 1829 which were trans- 
ferred to the Calcutta Herbarium from the India 
House, London. Through the iminiticeiice of Ivast 
India Company, Dr Wallich published his 'Planlae 
Asiaiicae Rariores\ consisting of three superb 
volumes of^ illustrated coloured figures. Dr Wallich 
was not only Superintendent of East India Com- 
pany’s Garden but also Professor of Botany at the 
Medical College, Calcutta, and vSuperintcndeiit- 
f»eneral of Teak Plantation in Bengal. Dr Wallich 


retired in 1846 after thirty year’s service and died 
in 1854. His friends and admirers raised a beautiful 
monument in respect lo his memory. 

Dr W’illiam Griffilh officiated during Wallich’s 
al>sence tm leave and while on IxUanical expedition 
in Malaya died in 18/^5. Griffith’s premature death 
deprived botanical science of one of its ablest and 
most meritorious votaries. Griffith’s extensive notes 
and drawings were, after liis death, published by 
Government in nine volumes. A marble monument 
in Griffith’s memory was raised in the Garden. 

Dr Wallich was followed by Hugh Falconer 
^^.I)., F.R.S., a palaeontologist, wlio held office till 
1855. Early in 185S during G. McClalloud’s offi- 
ciating peritKl Sir Joseph Hooker visited the Garden 
on his famous joiuney lo Sikkim and again on his 
return to Calcutta in i8fv). Falconer was succeeded 
by Dr Thomas Thomson, jM.D., F.R.S., a traveller 
and a botanist of much ability. Dr Thomas was the 
Pre.sideiit of tlie Agri-Hoiiicultural , Society (1859- 
1860), the coadjutor of Sir Jo.seph Hopker in the 
collection and distribution of an extensive and well- 
known herbarium t)f East Indian plants and the joint 
author of the lir.st \'()hime of tlie h'lora ' Indira. 
Thomas retired in 1801 and was .succeeded by Dr 
Thomas Aiulcr.soii, .M.D., whose untimely death in 
1S70 was caused by a disease contracted during his 
effort for the introduction oP the (piinine yielding 
cinchonas into the »Sikkim Himalayas. Dr Anderson 
was not <)nly vSniJeiinteiident of Royal Botanic 
('.anleii, Calcutta, and Professor of Botany but also 
the first Conserv.nlor of P'orests for Bengal and in 
charge of the introduction and cultivation of Cin- 
chona in India. For two years (1SOQ-1871) subse- 
quent to Anderson’s departure from India, Mr C. B. 
Clarke, F.R.vS., an officer of the educational establish- 
ments of (government of Bengal, the well-known 
systematic botanist and President of. the Linncan 
Society, London, acted as vSiiperintendeiit aiuLduring 
his iiienmlxncy he began a serie;* of 4 )otanical publi- 
cations on his vast collections of plants. He colla- 
borated with vSir J. I). Hooker in writing h'lora of 
llriiish India. 

Ill 1864 occurred the great cyclone of Calcutta. 
It was accompanied by a .storm wave from the river 
Hooglily that laid the greater part of the Garden 
under water, in some places to a depth of six or 
seven feet, and carried two ships into the ‘Garden 
with great violence. Over a thousand lrce.s— at least 
one half of the total number in the Garden — and 
innumerable shrufis were prostrated. The survivors 
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were* iniicli shattered, and seareely a vestige of leaf, 
flower or fruit remained. 'I'liree years later a less 
severe hut still very destructive cyclone, in which 
over 750 of the surviving trees were blown down, 
completed the ruin. 

In 1S71 Dr (leorge King, took charge of the 
(lardeii which was in a iiujst unpromising state. The 
devastation wrought by the two cyclones had 
deprived it of all shade* A huge extent was uiuler 
coarse grass, and large parts were still, as they always 
had been, little better than swamps. Most of the 
roads were narrow, subject to Hooding and unfit 
for v'ehicular traffic, while the present ornamental 
lakes were represented mostly by unsightly channel 
and ‘tanks’. 

Sir (leorge after taking over charge set to re- 
making of tile garden. The whole extent of the 
grounds has been raised in level, the necessary soil 
having been obtaiiietl from large sheets of ornamental 
water which have been cut out. The.se artificial lakes 
have •been .connected with each other by under- 
ground pipes, and a .steam pump (and now au electric 
pump) has been supplied, by which the water in the 
whole system can lie keiA at a high level by means 
of water pumped uj) from the river. Many wide 
roads have been made all thrtiugh the garden -so 
that carriages may be driven through every part of it. 

The valuable collections of dried plants has been 
suitalily housed in a handsome building designated 
by Mr Iv. J. Martin, the ('lovernmeiil Architect, the 
internal arrangenieiits of which are to a considerable 
extent adapted from those of the then new Herbarium 
building at Kew. Xew propagating houses, tool and 
potting-sheds have been erected, and good dwelling- 
houses have been built for the members of the garden 
establishment. A boundary wall and ditch have been 
partly built ropiid the garden ; and finally, attempts 
at landscaiie effects have l>etfn made in the gardens, 
and the collections liave been increased by consider- 
able accession of plants, both indigenous and exotic. 

King made enormons and remarkable contribu- 
tions towards Indian botany and initialed the pul>- 
lication of the world-famous Annals of the Royal 
Botanic XiarJoit Calcutta, in 1887. The second part 
of Vol. XTV of the Annals appeared this year. vSir 
Gebrge ^Iso inoved the Government of India at this 
time for the establishment of the Botanical vSurvey 
of India which originated in 1890. The first Record 
of the Botanical Survey of Indict appeared in 1893. 


The work of the Jfotanical vSnrWy of India and 
the ('lardeii with its Herbarium is so much inter- 
deiicmleiil that since the inception of the Survey in 
1890 the vSuperiiiteiideiil, Royal Botanic Garden, has 
been the ex-olficio Director of the Botanical Survey 
of India. Botanical exploration is essential for 
utilising the vegetable resources of the country and 
maintaining the vitality of the llerljarium and the 
Giardeii. A glance at the ma]) of India of the 
explored, unexplored and iiisiiflicieiitly explored 
regions will show what an enormous amount of work 
in this direction remains yet to he done. 

In 1878, in .succession to the late Mr Kurz, the 
reputed author of llie “h'orcsl Rlorn oj Burma', Mr 
John Scott was aiipoiiited Curator of the Herbarium. 
On the gill January of 1879, Mr Adoli)h Biermaiin, 
the Curator of the Garden met with a fatal attack by 
a tigress which, unnoticed by liiui or Mr Scott his 
comiianioii, was croucbiiig under shrul)bery 011 the 
opposite side of the road. Tlie tigress escaped frmu 
the menagerie of the ex-king of Oudh, swam across 
the river and landed in the (birdcii. Six weeks later 
a black panther also escaped from the same menagerie. 
This animal si>eul a night in the Garden and was 
shot by Dr G. King next moruing before it had lime 
to do any mischief. Xo such danger exists now’. 

bt.-Col. (afterwiirds Sir) David Brain, who was 
first appointed as Curator of tlie Herbarium, succeed- 
ed vSir George King, Kl., F.R.vS., K.C.I.K., who 
after :>6 years of meritorious service retired in 1897 
and became the Director of the Royal Botanic Garden, 
Kew. Before vSir David left India in igo-l, he 
sketched out a gcograpliical I'^au of garden divisions 
ill accordance witli which future plaiiliiigs were to be 
regulated. Sir David Plain’s plan, with slight modi- 
fications, continued to lie carried on by his successors 
as oi)portunity allowed uj) to the present day. vSir 
Davul Plain’s valuable volnminous i)ublications are 
known all over llie world. His botanical investiga- 
tions proved to ])c of considerable importance tortile 
vState. He is mnv about 85 years (dd and has just 
finished his moiinnieiilal works on Dioscoriaccae in 
collaboration with ^Ir I. H. Burkill, an officer of 
the Botanical vSnrvey of India. Sir David Praiii, 
M.A., D.vSe., vSc.D., Ivb.l)., P.R.S., retircij in igoo 
and was aiipointed Director, Royal Botanic Garden, 
Kew. lA.-Col. A. T. Gage who was first appointed 
as Curator of the Herbarium succeeded Sir David 
in 1906. A catalogue of noii-herbaceouS tdianero- 
gaiiis cirilivatcd in the Royal Botanic Garden, 
Calcutta, prepared by bt.-Col. A. T. Gage, I.M.S., 
C.I.E., was published with the object of facilitating 
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the exchange with other botanical institutions of 
l)laiits, seeds, or materials for systematic, anatomical, 
])hysiological or chemical investigation. Gage 
was also Professor of Botany, Medical College, 
Calcutta. lie retired in During his absence 

cm leave in igoS, ^Ir \V. \V. Smith (now Sir 
William Wright Smith, Regius Keeper, Royal 
Botanic (harden, b'dinburgh, and Professor of Botany, 
iriiiversity of Edinburgh) who was then the Curator 
of the Herbarium officiated as the Superintendent, 
Royal Botanic (lardeii. vSubsecjueiitly Mr C. C. 
Calder, B.Sc., was apjiointed as Curator of the 
Herbarium after Smith. Mr Calder succeeded 
Lt'Col. .\. T. Gage in and retired in Decendiei 
last year when the writer succeeded Mr Calder. 


Tl Ul-f'.IoNAI. AkKANr.KMKNT ()1< TIIK ('. \K0KN 

In the open (warden there are aliout r5,<xR> trees 
and shrubs. In addition to these there are several 
llioiisands herbaceous sjiecies in the Palni-huuses, 
t)ivhid-houses and I'erneries. 'iMie (lardeii, however, 
is by no means so rich in sjiecies as it might be, the 
lolal nnmber of si)ecies in the oiJeii probably not 
t-xceeding 2,500. h'or some lime the (kirdeii ful- 
lllled to a certain extent also the purposes of a 
Zoological Garden by having in it birds, deer, swans, 
monkeys and other animals. Still there is a colony 
of hill Moina living in the garden. 

A scheme adopted 54 years ago was to treat the 
(lardeii as a map of the world on Mercator’s projec- 
tion representing the tropical floras. The plants of 
India and Burma are to occupy the central triangular 
area of the large we.sterii i»art (»f the Garden, this 
area being sub-divided in accordance with the 
geographical subdivisions (d' the Indian Uminre. To 
the West and s(juth-west of the large central Indian 
area are the divisi<ms ft)r Xorth-wesl Asia, Europe, 
the ..\merica, Africa, and Madagascar, and to the 
east of it the divisions for north-east Asia, China, 
Jaj)an, the Philippines, Siam and Annani, the Malayan 
Peninsula and Archipelago, and Au.stralasia, the last 
live l)tdiig sci>arated from the large central Indian 
divisions J)y the special collections of i)alnis, screw- 
iniies, and bamlx)os. Scattered throughout the 
Ciarden arc twenty-six irregular lakes, some of which 
are of large extent with islands. Altogether the 
lakes comprise about one-ninth of the total area of 
the (rarden. Most of them wx're designed 'by King 
with such skilful diversity of outline and surround- 
ings as very greatly to enhance the beauty of 
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the Garden. The Garden contains more than 
miles of roads which have been recently maca- 
damised. 

The Garden which is open from .sunrise to sun- 
set daily is now .'iccessil)le both by roads and by the 
liver. Cnmmnnications have l)een made much 
easier than what lliey were about 50 years ago. Pass- 
ing through the Oreodoxa .\ venue, from the river 
gate one reaches the Orchid House, the Earge and the 
vSmall Palm Houses where in artistic beds selected 
ornameiilal and delicate herbaceous sj^ecies and rare 
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palms are on view. The .Asiatic i)alms have .ill 
l>een moiiogiaphed by Dr Becarri and (). Maitelli 
ill the .III Hills of I he Royiil Hohiiiic (lardiii, volumes 
XI, XII and XIII. 

Coming out of the northern gate of the Orchid 
House a visitor will find himself among conifer 
group, adjacent to the flower garden. 

Turning towards the Palm Avenge one reaches 
the Palniatum. Within the close range of the Palma- 
tum tw’o other avenues are ^een--(/j Alahogony 
Avenue and the {ii) Albi//.ia Avenue.* To the right 
of the Mahogany Avenue lies the Bambu«etum. The 
bamboos of India have been moiiograidiCd by the 
late Mr J. vS. Gamble of the Forest vServicc in the 
Annals of Ihc Royal Botanic Garden, Calcutta, 
Vol. VH, Many rare si>ecics of bamboos of 

great economic value are still under cultivation in 
the Garden. Here in the Bambusetum are seen 
cluiniis of Mclocanna banihusoidcs with the large 
apple like germinating seed. This bamboo known 
as MuU Bans is mtich used for building purposes, 
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basket work and various other domestic needs. 'I'his 
species is distrilmled in the eastern part of India 
from Ivist lieiiKal to Teiiasserim in South Hurma. 

Within the close range of this area are visible 
some of the rare plants, which flower once in their 
lifetime and tlieii gradually die like many of the 
bamlioos. Agave (Century Plant, American Aloe 
A. foutcroydes) in which leaves are formed in a 
year during 5 lo io?> years, finally a gigantic 
terminal infloresi'eiice comes out of the centre, 
'riiero is so great a rush of sap oil the infloroscenoe 
that the Mexicans cut ofT the flower heads and 
collect as much as 1000 litres of saj) which is 
fermented and is used as a national drink. Many 
yield useful fibres. The species (A. sisulufia) Sesal 
hemp is cultivated in Hhamas and India for fibres. 
Coryplia umbranilifcra I,, (talipot palm) of South 
India grows to a height of So-ioo ft. The gigantic 
terminal inflorescence bursts out of its massive 
spathc with a loud explosion and the prolific i»anicle 
gradually unfolds, 'riie leaves are used as umbrellas, 
for^.thatchiiig and as writing material. 

From the river gate to the left of the Orc<xloxa 
Avenue' runs straight the Hanyan Avenue and the 
visitor can reach the (Ireat Hanyan after 5 minutes’ 
walk from the river gate. The Oreat Hanyan in the 
(lays of its full juvenile glory looked more like a 
forest in miniature than a single tree. 'I'he (Ireat 
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Banyan is now 171 years old. The crown is ikx) ft. 
in ■ circiyufercnce and there are about 666 aerial 
roots actually rooted in the ground. In 1895, the 
girth of the main trunk was 51 ft. The tree 
suffered to a certain extent durifig the cyclones of 


1S64 and 1867 and some of its main branches were 
broken and thus expose<l the tree to the attack of 
a hard fungus which was subsetiuently identified as 
Fames pachyphlacus Pat. by Dr S. R. Bose and was 
for the first time reported by him from Bengal. This 
attack finally led to the deterioration of the trunk 
where the fruit body as large as 60-90 c.m. long and 
30 c.m. broad and 8 c.m. thick developed at different 
heights of the trunk. During the rains when the 
rays of the sun happened lo reach the bo<ly of this 
perennial fungus, masses of spores were seen dis- 
chargwl from it. Sometimes so dense was this smoke 
of spores that it was visible from a distance as a 
cloud overhanging the tree. vSlides exposed over the 
tree revealed that the colour was mainly conu)osed of 
spores of the fungus. The trunk thus decayed w'as 
subseiiueiitlv allacke<l by insects too. Therefore 
there was no other alternative but to remove the 
main trunk some time after 19.20 in order to save 
the major branches, v^eries of operations were 
performed and by grafting a d;iiighter-tree fre.sh 
energy has been infused. The tree lias thus been 
saved from total destruction. Attem])ts are being 
made now to fill up the central gap and to extend 
the branches across the road round the Hanyan 
circle like a canopy overliead. The tree is flourish- 
ing <|uite well. 

There are many plants which behave curiously 
and somelinus create much interest both for the 
lM)tanisls and for the laymen, ’riiest* are (i) Ficus 
and date-palm ; (//) breathing roots of Tuxadiiim 
distachyum and llt iilicm minor ; {Hi) plank Imtt- 
res.ses of Stciculia ahUa along the v^cott Avenue. 
'I'o the northern end of the Avenue under /\/gc/iti 
pinnata Mr Hiermaiin was mauled by a tigercss in 
1S78 ; {iv) the bud mutation of Ficus Kri.shnae. 
This tree is irnned after Ford Krishna who .is 
supposed to have twisted the leaf into an ascidiform 
structure. The tree reverted to the character of its 
parent - Ficus bcnj^alcnsis after about .;o years.* It 
cannot therefore claim a .sjiecific rank. The tree (F. 
Krislinii) had its origin from a graft made out of a 
branch bearing the almormal leaves. When propa- 
gated from the graft this tree has always the 
character of its scion. But when raised 'from the 
seeds it is only about 10% that develop the funnel 
shaped leaves. 

In .some lakes of the Garden are grown aquatic 
plants of much interest. Recently limnological 
investigation particularly of the fresh static waters 
in Bengal is engaging my attention. Researcl)es in 
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this clircclioii are of far-reaching iinporlance in 
tackling many an intricate problem of sanitation, 
water purification, filter works, irrigation and of 
jiiiblic health. In Ileiigal most of oiir jhills, swamps, 
lakes, tanks are choked up with atpiatie vegetation. 
If the water plants arc i)roperly controlled, a eon- 
siderable headway can be made towards ample 
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supply of jmre wholesome water in the villages. In 
till- lakes of the (lardeii many aipiatic plants of 
liortieullural, economic and medicinal importance 
are cultivated. Of special interest arc I'/c/or/a rcf^ia 
and I’ictoiUi Curziiiit a --{hij Giant Amazon lilies 
lion as a whole (see next iiage). 

DilTereiit sections under the administrative 
charge of the Jsuperinteiideiit, Koval Hotanie Garden, 
Calcutta, as sketched in the aeeomiianying table 
(facing next jiage) will give an idea of the various 
activities of this institution as a whole. 

Thk Lkoyd Botanic Gardkn, l)AKjKKi.iN<'. 

In 1S7S a botanic garden was laid out at 
Barjeeling by the efTorts of Sir Ashby h'deii, the 
tlien lieutenant Governor of Hetigal. Tt is named 
after Mr William Lloyd, who made over to Govern- 
ment 40 t^cres of land within the Darjeeling station. 
The garden developed under the guidance of Sir 
George King, In this garden in an area of 40 acres 
are repre.sented in miniature the temi)erate flora of 
the world* with siiecial reference to submontane, 
montane and Alinne flora of the Himalayas. This 
is the well-known centre for the distribution of 
Himalayan seeds and plants in India, and with its 


Herbarium serves the purjiose of studying the 
Ktist Himalayan plants on the spot. 'Hie Llovd 
Botanic Garden has been largely instrumental in 
acelimali.sation and investigation of Himalayan 
plants and jiartieularly in improving the town of 
Darjeeling by way of introduction of many economic 
plants and foreign species of great horticultural 
interest. 


HliKIlARlUM 

The Herbarium and the Library have gradually 
develojicd since the foundation of the Garden in 17SO. 
The present damp-proof and fire-proof building 
e.specially designed to house nearly two and a half 
million authentic sheets of Herbarium sjiecimens 
which form the basis of all botanical and allied 
investigations was erected in iSS,^. In this Herbarium 
all these jirecious sheets consisting of irreplaceable 
types, eotypes, lectotypes, ecotypes, etc., are arranged 
in projier scieiific order. 'Phe Herbarium is thus 
the <iepository of a very coinidete collec'lion of the 
dried materials of jdanls of the whole »)f the Indian 
Itmpire as also fair collections of those of Asia out- 
side India, of Kurope and Australia. Plants of 
Africa and America are partly repre.sented. For the 
sy.stematic botanists, forest officers, herbalists, 
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<lruggists, pharmacologists, industrialists and others 
interested in plants, the Herbarium is the mo.st 
interesting and valuable spot in Asia. 'Phi,s is tlie 
only place for botanical investigation <»f its kind in 
Imlia and is recognised as the best Herbarium not 
only in India but also in the Fast by the international 
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])()laiiical {)i>iaiiisiiliuii of the world. This Herbariinn 
is, as vSir Arthur Hill, Hi rector, Royal Botanic 
t'rardeii, Kew, puls it, “the Mecca for the study of 
Indian Sysleinatic Botany hy botanists not only in 
India but from overseas”. It will be interestini* to 
note here what Sir Richard Temple, a lieutenant 
(lovernor of Ben.eal said on the utility of a herbarium 
.as early as 1^76, “The collection is and will always be 
most useful in dealing with (jiiestions re.i»ardini> the 
naturalisation of plants, the introduction of new 
ve.eetable products into the country, the adaptation 
of raw produce to the .erowini* reiiuirenieuls of 
manufactiiriuL* industry, the maiiat'ement of the 
forests and the scientific improvement cjf A.ericul- 
ture.” Introduction of (luiiiiiie, rubber. Ipecacuanha, 
\arious timber trees, fibre and oil yieldiiii^ plants and 
other plants of yreat etamoinic value is mainly dm* 
to ex])loralion by the scientific oflicers of this (hirdeii. 
'rile task of ]>lant-huntin.e is by no means an easy 
i«)b. In the inaccessible places it is hazardous and 
sometimes costs the life of the explorer. Or M'. 
Anderson lost his life in iiilroducine cinchona into 
this *Pro\'idce. The cinchona cultivation in Beiii*al 
was first started by him in .Siiichal. Then it shifterl 
to Riiiuibee and finally the plantation was located in 
^hin.epoo where the conditions prove<l favourable for 
wider cultivation and further extension. 
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Besides quinine, various other useful plants like 
jute, tea, ])otatocs, coffee, sinces, suj^arcanc, fiax, 
hemp, ,rhea, sisal henq), tobacco, cocoa, rul)ber, 
indiKo, fixlder .grasses and numerous other econo- 
mic plants were introduced throu}>h this (lardeii. 
Almost all the road-.side trews and ornamental 


.eardeii plants now' found widely Ridwn all over India 
and Burma were first acclimatised in this Garden. 
'Phese were then distributed all over India and abroad. 
Gf recent introduction is the 'run.u oil tree which is a 
source of considerable revenue in China. Experi- 
ments at this Garden indicate possibilities of cultiva- 
tion of Tune: oil in suitable areas of Bengal and 
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Assam in the drier lower ranges of the Himalayas 
between m ) u-5c.)( >0 feel. Rei)orls of suece.ssliil culti- 
vation from As.siim, North Burma ami some parts of 
Bihar are pnmiising. 'I'liere is no reason why India 
should not be made self-supporting with regard to 
the sui>ply of this oil so useful for various industrial 
purposes. The (hirdeii distriiaited half a lou Jif seeds 
received from Kew l«) various parts of India with 
view to acclimali.siiig Tung oil yielding trees. Some 
ornamental plants of recent intrcRluclioii are r/c/m/a 
C’urzittiiii, h'.r\lliroxyloH coca, (cocaine plant), yellow 
lotus (North .American Xaliinihiinn lufcuw Willd.), 
Musa rosacea, (.'ynif^oyion Mailiuit (Citronella oil 
yielding grass), Durio (Durio/.ebitheiius) the Burjnese 
fruit tree. 

On the 6th January, the 150th foundation 

anniversary of this Garden was held, which happily 
coincided with the vSilver Jubilee Session of the 
Indian vScieiice Congress held in Calcutfa. Many 
distinguished botanists took part in the celebration 
of the sesquicentenary of the Garden. Kneouraging 
messages and greetings wishing prosperity to the 
Garden were received from far and w'ide. 

Late reputed Prof. Hans Molisch, while working 
at the Bose Institute during ig28-2q as a guest of our 
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great scientist, the late Sir Jagadish Cliuuder Bose, 
D.Sc., F.R.S., used to spend long hours in the 
garden pondering over many of his intricate fjotanical 
|)roblcnis whose solutions he believed to have found 
under the sylvan surroundings of this Garden. The 
Ciardcn to him, as he expressed it, was “a paradisei 
a wonderfield for botanists where life of every s]>ecies 
grown under a tropical climate offers problems of 
careful investigations’*. 

Prof. K. J. Salisbury in the concluding remarks 
of his presidential address in 1937 at Nottingham 
before the British Association for the Advancement 
of Science rightly observed, “A sympathetic under- 
standing of botanical thought and iirogress is 
essential to a community which is to deal adeejuately 
witli such national inobleins as agricultural jiolicy, 
land utilisation, afforestation, drainage and water 
supi)ly, the i)reservation of rural areas or the pro- 
vision of national parks”. The long records of the 
achievements of this (jarden clearly .show how far 
this Garden has contributed towards the.se items of 
tialion-building works. But considering the vast 
needs of the country much remains yet to be done. 

It is gratifying that a young and enthusiastic 
luxly of brilliant Indian botanists is being turned out 


thnjugh the gradually enlarging scope of specialisa- 
tion of the Indian educational system. It is also 
encouraging that some of the work done by those 
men is now of a standard that is gaining recognition 
in the world of Iwtanical science and there is no 
doubt, it is always gaining in importance. But this 
is the better rea.son, why the historical living and 
herbarium collections of the Botanic Garden that 
come down to the new schools should have the same 
care, attention and study that was formerly given vo 
them. In the eyes of the scientific world of 
tomorrow it will take much more than a plea of 
financial stringency to justify the neglect ttxlay of 
priceless irreplaceable objects of art and science that 
have come down as treasure to us. I hope, as my 
predecessor hoi)ed, for a brighter i>rospect to dawn 
in the future and enlightened recognition by lx>th 
the public and those in authority of the great possi- 
bilities of this uniiiue botanical institution in India, 
if not in the Kii.st.* 


* l‘ublislu!(l with the kind permissifai of the Trustees 
of the Indian Miiseuni, Cali'iitta, where the leetnre on the 
R<»yal Hotanie (fardeii, Caleiitlii, was delivered under the 
auspices of the Trustees on the 15th March, 1940. 


INSPIRATION FOR RESEARCH 

GrkATKR even than the greatest discovery is it to keep open the way to future discovery. This can 
only t)e done when the investigator freely dares, moved by an inner propulsion, to attack problems not betaiise 
they give promise of iinniediale value to the htiinau race, but because they make an irresistible .i\)\)eal bv 
reason of an inner beauty .... In short, there should be in reseaich work a cultural cliaiacter, au 
artistic (luality, elements that give to patiiting, music, and poetry their high place in the life of man. 


— ^Johii Jacob Abel. 
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House-heating by Solar Energy 

'I'liK probk-in of utilisation of radiant solar energy 
lias been in the mind of scientists for a lon^ 
time. Now and then coiistructiou of solar cnj^iiies 
has been sui'j^ested and even made i>racticable, 
tliou>*h none has lieen utilised .so far. Some real 
pro.eress is expec'tcd to lie achieved in this direction 
in the near future as tlie Massachusetts Institute of 
Technology has taken up the problem of house- 
heatin.i» by solar energy with the aid of a gift of 
bsevo^u dollars from Dr Godfrey L. Cabot. The 
energy receive<l by the earth from the sun amounts 
to about of a liorse-power per scpiare yard, the 
amount somewhat varying with the latitude. The 
amount of solar energy received anywhere on the 
surface of the earth (except at the poles) varies from 
zero to a certain maximum during the course of the 
day and in order to have an unfailing and uniform 
supply some feasible storage system is necessary. If 
enicieiitly sttned and used the solar energy received 
by a house in mi<l-latitudes is sufficient for house- 
heating. Theoretically there are many ways of 
storing the solar energy — as heat, as chemical energy, 
as electric energy or as potential mechanical energy, 
h'or various reasons the storage of energy in the form 
of heat apiiears to be most promising. Something 
will absorb the solar energy as heat when the sun 
shines, store it stifely and economically and deliver 
it whenever refiuired. The scientists at Massiichu- 
.setts Institute of Technology has chosen water as 
the .stofage material. The problem of getting solar 
energy into water and preventing its escai)e until it 
is required is really a dfficull one but- the workers 
•engaged on the problem are quite optimistic about 
arriving at a solution. Just at present there is no 
l)rospect of solar energy competing with coal or 
pctroleu;n foi; our everyday purposes. Bjit eventually 
coal and petroleum will be exhausted and scientists 
will have to find out substitute sources of energy of 
which the sun appears to lx; the most promising. An 
account of the earlier pioneer work on the utilisation 
ol solar energy is published in the Science in Industry 
section of this issue. 


Million Volt X-Ray Tube 

In the treatment of cancer and other diseases 
where gamma-rays or ‘hard* X-rays have to be used, 
the use of gamma-rays has now been almost con- 
fined to treatment where the source of the rays can 
l)e intrcxhiced into or jdaced in intimate contact with 
the diseased tissue. This is because of the low 
gaimna-ray intensity even when a large dose of 
radium is u.sed. On the otlier hand, the jienetrating 
power as well as absolute iiitetisity of the beam can 
be suitably increased in the case of X-rays by raising 
the voltage applied to the X-ray tube and this 
permits the ])atient to be located at a greater distance 
from the tube. These considerations have led to 
the develojiment of an one million volt X-ray tube 
in the Mo/elle Sassoon X-ray therapy department of 
St. IIarthoh)mew’s Hos])ital, the output from which 
is aj)j>roximately equivalent to that obtainable from 
X. 8 ,ooo,ooo worth of radium. In order to afford lao- 
lecliou f 11)111 unwanted X-rays the apparatus-rooms 
and Irealinent-rooni are enclosed in walls of barium 
sulphate concrete, whiLst the control room is 
.sei)arated by an eighteen inch thick wall of barium- 
.siiljihate concrete. Patients are observed from the 
control room by means of a periscope system of 
mirrors. In the treatment-room all that can be seen 
of the ecpiiiinient is the large horizontal steel tube, 
.spanning the full width of the room and provided 
with a central aperture through which the X-ray 
beam emerges. This steel tiilx' is a jirotective slweld 
ill the form of a double walled cylinder surrounding 
the X-ray tube i)roper and filled with lead shot six 
inch thick to cut off all X-rays excej>t those directed 
on to the patient. The X-ray tube it.self consists of a 
fourteen-inch diameter .steel lube, .seventeen feet in 
length, on the horizontal axis of which are located the 
cathode and anode, mounted on steel support- tubes 
and operating in a high vacuum. The cathode head 
is provided with six interchangeable filayients, any 
one of which may be brought into operation imme- 
diately ill the event of a failure, w'ithout evacuat- 
ing the tube freshly which w'ould require about 
two hours. From the filament, streams of elcijtrons 
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shoot out and are accelerated through a potential 
difference of 300,000 to i,ooo,rxK) volts to Iximhard 
a gold and coj)i)er target on the anode from whicfi 
the X-rays are iirojected. A closed water-cooling 
system, comprising a radiator and fan dissipating 
ten kilowatts is employed to protluce artificial c<)oling 
of the anode. In order to maintain high vacuum in 
the tube, continuous evacuation is employed by 
means of high speed Apiezon oil-diffusion pumps 
backed by mechanical iiiimiis. During the two years 
lhat the lube has been in operation it has been 
energised nearly for 2,*Sfj<) hours. 

More about Magnetic Mines 

Ai,M().st everybody is familiar with tlie word 
“Magnetic Mine” but to many its working jirinci- 
ples liave not been made absolutely clear. As in 
the Arabian Ni^ihls, where it is descrilx'd in a story 
tliat the nails and other iron parts of the ship of 
Siiiliad, the siiilor, were pulled out from their places 
hy the force of attraction of a magnetic hill in the 
sea, the general belief is that due to the attraction 
of the ship’s iron the magnetic mine rises from the 
bottom of the .sea, and the explosion takes place on 
impact with the .ship’s Ixjttom. Hut the working 
priiicijile and the mode of explosion of the magnetic 
mines are (luite different.'*' These mystery mines are 
of two types : first the inert .shallow- water type ; and 
second the mobile deep-water type. They are very 
light and can easily be dropped into the sea from a 
height of 100 to 200 ft. from the water level by 
aircrafts, without damaging its mechanism or with- 
i)Ut detonation. Doth the tyjies have three distinct 
comiiartmeiits. The ujiper one or the head contains 
a battery, a magnetic grid or device, and several 
other delicate electrical circuits and pre.ssure valves. 
The middle compartment contains the explo.sive with 
the detonator caps. In the mobile type in the hind 
portion there is a bottle of compre.ssed air, the mouth 
of which is connected by complex electrical circuits 
to the magnetic grid. The inert type has no coni- 
pressed air bottle. The extra space in the hind com- 
parlmciit is filled ui) with water when the mine is 
dropped into the sea, in conseciuence of which it 
.sinks. 

When a ship comes within a certain range, the 
ship’s iron bottom actuates the magnetic grid, which 
closes tilt* electrical circuit, thus releasing the com- 
pressed air. This air forces out the water from the 
hind portion, and the mine, lx;ing now lighter than 
water, Ixj^^ins to rise. When at a distance of alxjut 
.so ft. from the sea level the detonator circuit is closed 

* An earlier account of these magnetic mines was puli- 
lished on p. 622 of the April *40 i.ssue of tliis journal in this 
section. 


by a pres.sure release valve and the mine exi)hHles, 
the effect being that of a depth charge. It does not 
really strike the bottom of the ship. The mobile 
types are suitable for deep seas from 200 to 400 ft. 
depth. The inert type does not rise from its place 
at the sea lM)ttom. When the ship comes just alx)ve 
it, the magnetic grid closes the detonation circuit 
and the explosion takes place at the IxUtom of the 
sea. This type is suitable for .shallow waters up to 
50 ft. dei)th. 

The difficulty against these mines is that the 
existing mine detectens or sweepers are (juite ineffec- 
tive against them. Though i)recise details, for 
obvious reasons, are not di.sclo.sed, it is now knf)\Mi 
that the Hritish Admiralty has been able to develop 
a device, which, it is believed, will constitute efficient 
I>rotection for steel shijis against the form of magnetic 
mines at present being used by the fiennans. The 
device is known as the “l)e-gaussing girdle” and 
consists of insulated electric cables, energised in an 
undisclosed manner by electric current. The de- 
gaii.ssing girdle neutralises the nathral magnetic Held 
of a steel ship and renders her as safe from the 
magnetic mines as is a wooilen ship. .It is *aupli- 
cable to shii)s of all sizes, though the details of the 
treatment vary from ship to ship. When the (Jarrn 
FAizabclfi arrived at New \\ak a conspicuous girdle 
around her hull attracted notice, and it has since 
been known that all British ships are to be so fitted 
as cjuickly as possible. vSome time ago it was 
announced in the pre.ss lhat arrangements had been 
made at the Calcutta df)cks to fit the ships with the 
de-gaussing girdles. 

N. K. S. (;. 

World Cataloj^ue of Meteorites 

A WORM) catalogue of meteorites, the large.st and 
most comprehensive of its kind yet i)ublished in 
any country, which should i)rove of use to those 
interested in the.se extra terrestrial arrivals, has just 
been brought out as a Memoir l)y ^he (leological 
Survey of India. \ special reference is made in the 
publication to the Indian falls^ and finds and to 
specimens exhibited in the Indian Museum, Calcutta. 

Three hundred and ninety one of the 1,258. 
meteorites listed in the Catalogue are recorded from 
the Ihiitcd vStates of America. This is by far the 
greatest number for any country. India ranks 
second with 116 meteorites and it is followed* in order 
by the U. S. S. R. q8, Australia 95, France 57, 
Mexico 53, Chile 40, with vSouth Africa, Germany 
and other countries le.ss than 36 each. 'I'lie* Memoir 
deals with questions of “craters” caused by meteo- 
rites and “showers” of meteorites, and also with the 
origin of meteorites. 
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Foiiions cxtra-lcrrcstrial IkmUcs, meteorites, 
are the only tani*il)le source of our kno\vle<l>‘e of the 
universe aroiiml us. 'riiere are two chief kinds, 
irons, composed mainly of nickel-iron, and stones, 
comi)osed mainly of silicates ; but there is every 
>;radation between them. They contain mainly 
elements of low atf>mic weight which means they do 
not contain heavy metals like yold and platinum. 
Their avera^^e cojni>osition indicates matter which 
would have a density near that of the earth as a 
whole, i.e., alxml 5 where water is taken as i. The 
lar^iest meteorites are all irons, the largest known 
mass at Iloba in South-West Africa weighing 54 tons. 
The largest known stone meteorite fell at Cong 
Island, Kansas and weighed 1,275 The immense 
masses of the large meteorites, the impact of which 
on the earth has l)een resiKUisible for the formation 
of remarkable craters, can only be conjectured. 
Most of iron meteorites which have been found were 
not observed to fall. On the other hand, mo.st stony 
meteorites have Ix-en seen to fall. No human Ijcing 
is definitely known to have l)een killed through the 
fall of meteorites. 

^Il is estimated on the measurement of helium 
content that the oldest known iron meteorite solidi- 
fied 2, goo million years ago. It has also been 
estimated that if meteorites are scattered portions of 
our solar system, their age should not l)e greater 
than 3,000 million years; but if they come from other 
stars, their period of solidification might date back 
some io,0(.>o,ooo million years. The determined 
date of solidification of iron meteorites thus accords 
with tlie assumption that they belong to our solar 
sy.stem. 

Temperature Forecasts in India 

TiiMi^eRATURU forecasts are now being included 
in the daily weather reports of the India Meteoro- 
logical Department. Forecasts are prepared by the 
Meteorological Officers at Pooiia, Calcutta, Karachi, 
and Delhi. Temperature and humidity affect the 
well-being of ipen, animals and plants. Forecasts of 
abnormal temperatures are of use to the general 
public as well 4s to the agriculturist, the engineer, 
the medical nfan and probably also a progressive 
industrialist. . 

Timely warnings of cold waves to agriculturists 
can lessen the losses arising from frost. A small 
expenditure on preventive measures, e.g., by pro- 
viding vCind-breaks and burning heaters in orchards 
may enable a farmer to save his crops. Usual heat 
waves sometitnes scorch up crops. It is possible 
that the 'bad effects of these may in some regions Ik; 
minimised by timely irrigation. 

h'orecasts of incidence of lowland high tempera- 
tures were previously given in the daily^ weather 


reports between i8()o and ig{.)5. In IQ05 there grew 
uj) a tendency to shorten all reports and accordingly to 
drop out forecasts of temperature which disappeared 
from the reports between igo6 and 1928. 

In the winter of 1928-29 the occurrence of an 
unusually intense cold wave induced the Meteoro- 
logical Department to revive the old jiractice of 
including the tem|)erature forecasts in the reports 
whenever large changes of temiierature were ex- 
pected. In the winter of 1936-37 warnings for low 
temperature lx*gan to be sent to a large number of 
officers, mainly agricultural, in those provinces and 
States where crops are liable to be affected by 
frosts. 

Kodaikanal Observatory Report 

A KUkTiiKR fall in solar activity is rei>orted in 
the annual report for 1939 of the Kodaikanal 
Observatory, which specialises in the study of the 
sun. Observing conditions were sliglitly more 
favourable for solar observation than in 1938. The 
daily mean number of sun spots remained the same 
as in 1938. There was a decrease of 39 per cent in 
the mean daily areas of calcium prominences and a 
decrease of nine per cent in their mean daily 
numbers. A study of prominence areas was made to 
determine the possilde influence of the earth on solar 
prominences. 

Photographs of the sun on a scale of eight 
inches to the sun’s diameter were obtained on 330 
days and photographs in the lights emitted by 
calcium and hydrogen on the sun on 317 and 284 
days respectively. Photographs showing solar pro- 
minences were taken on 305 days. Some of these 
jihotographs were supplied to Observatories at 
Greenwich, Cambridge and Meudoii. The bright 
eruption on the sun on March 3 could lx photo- 
graphed in its successive stages. During the 
months of Augu.st and vSeptember, the sun showed 
unusual activity These, as well as selected 
Fraunhofer lines, formed subjects of special study. 
A theoretical investigation on the mechanism of 
solar dark markings was also undertaken. 

An amplifier to the photo-electric microphoto- 
meter at the Observatory was constructed and fitted 
up. The Observatory carried out the programme of 
the International Astronomical Union. The Milne- 
tShaw seismograph recorded 193 earthquakas during 

1939. 

New Water Level Recorders^ 

Two, automatic recorders, one for use in seepage 
drains and another for recording fluctuations of 
supply channels, have been designed by a Punjab 
engineer. The seepage drain recorder which is 
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known as ‘Cam* Recorder is entirely self-contained. 
'I'lie drum on which the chart is placed is driven by 
clockwork filled with jewelled escapement and will 
run for one month for each full windinj^ and the 
recording pencil will last for the same period. The 
chart moves forward at one-tenth of an inch per 
hour and three days recording will he seen at a 
glance. 

The other instrument which is called ‘Zein’ 
Recorder can he set to operate either at the heatl or 
tail of a supply channel. The pencil operating on the 
chart of the instrument can l>e set to the correct 
indent and fluctuations in the supply are recorded 
either above or l)elow the line in the centre. The 
range can either lie six inches up and six inches 
down t»r three inches up and three inches down. The 
chart moves at the rate of oiie-tenlh of an inch ]>er 
hour and one roll will last twelve months. The drum 
on which the chart is placed is driven hy a one-.second 
electric pendulum chKk actuated hy a battery of 
live dry cells and will run for at least six months 
w'ithout attention. 'Phe recorder can he allowed to 
read up to 14 feet range hy fitting in diflerently 
jMtehed screws. The float arrangements for hotli 
gauges consist of an eight-inch copper float fitted in 
a twelve-inch light steel tube and cannot he tampered 
with. This tube recpiires a twelve-inch scpiare well 
or can l)e placed in an open channel. 

Report of the Imperial Aj^ricultural 
Research Institute 

SciKNTiric RKitmT.s of the Imperial Agricultural 
Research Institute for the year iQ3g have Ix^eii 
just i)uhlished. The research for types of wheat 
is Ixiiiig carried on at the Institute and in one of the 
preliminary tests an increase in yield hy about 200 lb. 
per acre in bulk idots has l)een recorded. Work on 
the breeding of wheals re.si.stant to lUst and lw.se 
smut was continued at Simla and preliminarv trials 
showed a numl)er of successful hybrids. Studies in 
other crops, particularly on tobacco, potato, oats, 
rice, etc., were continued. Kxperiiiienls are in pro- 
gress, both in Delhi and Simla, in the breeding of 
disease-rcsi.stant varieties of potato. This crop is 
subject to numerous diseases both while in the field 
and in storage. Among a large collection of Indian 
varieties, over 300 samples w^ere studied and classi- 
fied into groups after elimination of synonym stocks. 
Experiments in shortening the rest periods of potato 
are also being continued. 

Workjon the flue-curing of tobacco and experi- 
ments to determine the effect of chemical fertilisers 
and the rotation of crops on the quality of cured 
leaf are in progress at Guntur. In order to i>rcKluce 
strain^ combining a good yielding capacity with high 
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nicotine content, crosses !)etween suital)le types have 
been made and the results so far obtained are 
encouraging. 

The Coimbatore vSngarcane Research Station has 
evolved a siigarcane-hamboo cross, which is of great 
importance both from the .scientific and economic 
points of view and the trials, though still in the 
initial stage, are yielding encouraging results. 
Varieties of cane suitable for different cane- 
growing tracts of India have been evolved at the 
Coimbatore Station and some of the new i»roductions 
obtained by careful combinations of thick and 
medium varieties !)id fair to excel the earlier types 
bcAh in adaptability and performance. 

.\ finding of outstanding importance, both from 
the point of view of pnxliiction and human nutri- 
tion, was that manures and fertilisers, when proi)erly 
applied, were cai)ahle of influencing the (piality and 
composition of the crop to such an extent as to 
affect ai>precial)ly its value lx)th as seed and food. 
The importance of the di.srovery, i>articularly in 
India, where a major j)art of the soil is i)Oor in 
organic matter and where in many cases one variety 
of grain forms the staple fotxl of the bulk of Jhe 
population, cannot be overestimated. 

b'xperiments with different types of fertilisers 
and manures were continued. Correlated with these 
invesligaliuns were the studies undertaken on plant 
mitrition in general and, in i)articular, on the effect 
of soil conditions and fertilisers on plant nieta1x>lisni. 

The liislitule has devised a combined furnace 
(New type 938) for giir and carlxm manufacture at 
a coiistriicti(3ii cost of only Rs. 100. It will accom- 
modate both the processes of carbon manufacturers 
and open pan-boiling within a compact space of 30 
by 20 feet and will provide for the l^etter utilisation 
of the heat of the flue gases. It has considerably 
helped to make further reduction in the cost of 
carlxm, which can now lx; produced at less than a 
I>ice per pound. 

Tell students conqilcted the i)osl-graduate course 
during the year and were granted the diploma of the 
Institute. The one- year course in farm organisation 
and general farm engineering was ce(1m)leted by five 
students. Nine students and a few officers deputed 
by provinces and universities were giveii short train- 
ing in s]iecial subjects. Besides, ii honorary workers 
were admitted for research on definite problems. 


African Race and Culture in Photographs 

Mr a. M. Duogan-Cronin, an employee of the 
De Beers Company in Kimberley, came in contact 
with the different tyjies of African people 
who came to work ’in the mines. His interest was 
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jirmiscd by I heir differciico in culture and features 
and he made up his mind to make a photographic 
record of these people. P'rom 1904 he beRan to 
collect phol(^iiraphs of the difTereiit South African 
racial types. Later on he added photoj;raplis of cul- 
tural traits .too. With the helj) of the Union Research 
(Irant Hoard and the Carnegie I institute he visited 
systematically dilTereiit parts of South Africa year 
after year .since rQ’5, and collected interesting objects 
of native use. The number of these photographic 
records has come up to 2(x)o at i»resent, a part of 
which he has already published in the form of books 
with short notes. 

In ig.vS he made over his collection of photo- 
graphs and ethiiograi)hic objects to the town of 
Kimberley and the Duggaii-Cronin Hantu Gallery 
was oi)ened in a building of the De Heers Company. 
At the joint meeting of the Rhodesia Scientific 
Ass(K-iation and the Rhodesia Photographic Scxdety, 
helil recently at Salisbury, this collection was verv 
highly appreciated. A similar collection is not 
impossible in India, and if effected, would help to a 
very .great extent in giving us a correct view of the 
life and culture of our i)rimitive tribes (about 25 
millions) about whom utterly connicting ideas are 
held even by our educated public. 

r. (‘. /). 


Announcements 

Thk Government of India have revised their 
rules for the award of a State scholarship, ordinarily 
tenable for three years in Great Hritain, which is 
awarded every year. Qualified students, without 
restriction of sex, race or creed, not ordinarily more 
than 30 years old on January r of the year in which 
the award is made, who are by birth or domicile 
natives of a territory utider the administrative control 
of the Government of India or any administered area 
in an tndian State, are eligible for the scholarship. 
The scholarship will be awarded only for special 
purposes, viz., 

(a) training for particular po.sts such as those 
in special institutions like schools for defectives ; 

(b) jireparation for some particular work, e.jsi., 
inspection of girls’ schools, examination of educa- 
tional system^s or tyi>es of training etc., and 

(c) study in any branch of knowledge for which 
suitable facilities do not exist in India. 


The value of scholarshii) awarded will be as 
follows : — 

.At Oxford or Caiiihridge (Collegiate) £3.^5 per aiiniiiii. 

•At (Jxford or Canihridge (Non- 
I'ollegiate) ... ... ... ;{;300 per aniiiim. 

.At universities or eolleges oilier 
than Oxford or Camliridge ... ' X21fi pt^r aiiiinm e.\- 

clusive of fees and 
sniK'lioiied travelling 
expenses wliieli will 
be payable in addi- 
tion. 

The selected scholar will be inovided with fare 
from his or her home to the place of study. vSiiuilar 
facilities will also be allowed for return home pro- 
vided the scholar has complied with the rules. The 
selected scholar will be re(iiiired to execute a bond 
undertaking to pay a sum of hi India, 

its e(|iiivalent in rupees) if he or she fails to return 
to India when directed or if he or she settles in some 
other country within five years of the termination ( f 
the scholarship. 

Titk University of Homliay have conferred the 
degree of DtxHor of Science on Prof. Maiieck 13 . 
Pilhawalla for his Geographical vStudics of the Lower 
Indus Basin (Sind). This is probaljly the first in.s- 
tance when a i>erson has been admitted to the 
doctorate degree in recognition of his researches in 
gcograi)hy with reference to India. Dr Pithawalla 
has a number of publications to his creilil, mainly 
with reference to the geography of his own province, 
Sind. He worked for sometime under Professor 
H. G. R. Taylor in London. 

Thk Governing Council of the Indian Institute 
of Science have approved of an industrial re.searoh 
scheme involving Rs. i hd’hs as additional expen- 
diture for two years as an emergency war measure. 
The propo.sed researches relate to manufacture of 
fertilizers, .synthetic drugs and artificial plastics. 

Profk.ss()K H. N. Singh, Head of the Institute of 
Agricultural Re.search and Profe.s.sor P. S. Varma, 
Department of Organic Chemistry, Benares Hindu 
University, have lK*en appointed Local Secretarie;i of 
the next session of the Indian vScieiice Congress 
Association to Ik* held at Benares in January next. 
Professor M. R. vSiddiqi of Osmania University and 
Mr C. C. Inglis, Director, Central Irrigation and 
Hydrodynamic Research Station, Poona, have been 
elected presidents of the mathematics and* statistics 
and the engineering sections respectively of the 
Benares session in place of Professor K. Anand Rao 
and Sir M. Visvesvaraya who have exprjcssed their 
inability. In the geography and geodesy section 
Dr S. M. Tahir Rizvi of Aligarh University will 
preside. 
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Glass Fabrics in Electrical Industries 

Thk use of Rlass textiles as insulators in motors 
jiiul .eeiierators is increasing very rapidly. Glass 
fabrics liavo been proven stronger not tiiily at 
normal temperatures but also at elevated temperatures. 
At temperatures around 2 <:x)°C all organic materials 
deteriorate very ra])idly and sotm lose practically all 
ineclianical strength, even the asbestos fabrics which 
usually includes some organic ingredients slowly lose 
llieir strength, but glass fabrics do not. (Uass 
fabrics <lo not become brittle until they are heated to 
about 7or)°C and do not soften below tSoo°C. The 
above temperatures are far above the operating con- 
ditions of motors and generators. 

The glass fabrics are non-hygrosco|>ic and conse- 
quently have higher insulation resistance than other 
materials when exposed to highly humid air. One 
of the causes of the deterioration of silk etc., is this 
absorption of moisture. The resistance of glass 
fabrics to attack by acids, oils, corrosive vapours and 
vermins are of obvious advantage where these hazards 
exist. Of course with resiiect to dielectric strength 
and other proiierties glass insulators in its i»rescnt 
form is not comparable to mica. 

Glass fabrics have greater thermal conductivity, 
this means that for a given flow of heat the tempera- 
ture dilTereiice between the inside and the outside of 
the insulation is less, with conseiiueiil lower internal 
teiniieratures. 

The finish taken by glass insulated machines are 
excellent and the machines look very decent in 
appc^araiice. lint glass has its disadvantages too. Us 
resistance to shearing against sharp edges is low. 
Although most of the characteristics assiK'iatcd with 
glass have been nuKlified, it is still fundamentally 
glass and its inherent brittleness is evidenced in this 
manner. So in order to use it sharp edges must be 
avoided. • 

N. K. s. 

I^praying Surfaces with Shellac 

A NKW i)roccss for coating surfaces with shellac, 
hy spraying it from a heated “pistol”, has been 
evolved in the Chemical Engineering Department at 


the University College in London by Mr K. IL 
Lalkaka, on behalf of the Indian Lac Cess Committee 
with the co-operation of two Hritish research workers. 

The prtK'ess is api>licable to many commercial 
purposes, such as the spraying of wood, paper, tin, 
aluminium and copper sheet, concrete, glass, asbestos 
board, plaster castings, and porous stoneware ; for 
anti-fouling compositions, laminated insulation and 
coatings for storage tanks containing edible fats or 
corrosive mineral oils. The spraying of lacipiers, and 
even of metals, has been employed for .some years, 
but this is the first proi'ess which has enabled the 
application of a resin direct, without using solvents, 
thereby saving time, labour and expense. 

The lilm is hard as soon as it is cold, and thus 
the usual drying time is eliminated, 'riiis property 
will be of great value in many industries. ‘Among 
other advantages are the saving of time and labour, 
owing to the speeil with which a coat of shellac can 
be apidied ; and the saving of expense, owing to the 
fact that solvents are no longer reijuired. 

More Salt from Sambhar Lake Area 

Round the vSambhar Lake a vast area has been 
discovered from which* the salt is now Ixa'iig 
scraped out. It was so long diimiied with the refuse 
liipior of the surrounding kyars, or collection of 
manufacturing pans. 

It is anticipated that on the edge of the area 
where crystal salt has been discovered, there is about 
io,(K),ooo niaunds of powdered salt. The existence of 
a thick de])osit of reslita or powdered salt along the 
edge is, it is explained, due to* action of westerly 
winds and the consequent rapid jirccipitation of fine 
salt as is met with on a smaller scale in the kyars. 
Till now a (|uantity of 4,5o,o(xi maunds of reslila 
has been collected, which is being despatched to the 
stores after washing. About 5,(X),oo() maunds of 
salt of this kind is still lying there in admixture with 
some grained salt. 

Ordinarily, after the rains, this bitterns area 
remains covered with brine practically throughout the 
year, but this year, owing to deficiency in rainfall, 
the whole of the deposit lay exposed and its cxplora- 
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tioii Ictl to the discovery by Mr Rahim Baksh, a 
Superintendent in the Northern India Excise and Salt 
r)ei)artnient at Sainbhar, of a regular layer of crystal 
salt of go(xl quality alxnit three inches in thickness, 
beiieatli one inch to two inches thick crust of impure 
salt, which was easily removable from the top. On 
excavation by normal methods the layer breaks up 
easily into separate and well matured crystals, 
medium and large in size, and absolutely white in 
colour. Washed with condensed brine, the siilt 
attains a purity which physically and chemically com- 
pares very favourably with the ordinary s«alt manu- 
factured or mined in India, or imported from abroad, 
the percentage of sodium chloride varying between 
05 and gg. The collected salt after being washed 
with canal brine is carried to the Central Stores of 
the v^ambhar Lake by nieter-gange trucks hauled by 
a railway loco. 

Solar Rays as Source of Power 

()i- solar radiation which we receive, 15 per cent 
has the possibility of being converted into mecha- 
nical woi’L. Similar to hydroelectric ])ower which 
we generate from natural water sources, solar 
power demands no continuous expense except care 
and interest on the initial investment. The only 
drawback is that solar power ceases during night 
hours and on cloudy days. For irrigation purposes 
however this intermitteiicc is not a serious objection 
as during day time sedar heat may be converted into 
mechanical energy and water imiy be pumped by 
means of this. For utilization of solar heat thin 
and flexible aluniiniiiin sheets known as ‘Alcoa^ are 
now used instead of glass. These metal sheets re- 
flect only So per cent of s«lar radiation and can be 
used for years without dimmiug. The acctunulated 
heat is protected by glass jackets enclosing high 
vacua like thermos Ixdtles. By driving mechanically 
the heat collector in the direction of the .sun’s move- 
ment, the .sun is followed in its daily march through 
the .sky as al.so in the annual march from month to 
month. In clear sky condition one may expect to 
get from 1*2 to i‘4 calories per scpiare centimetre 
f)er minute frohi the .solar l)cani. But losses due to 
reflection and transmission from vacuum jacket leave 
o‘7g to 0 87' calories for use. Dr C. fL Abbot who 
is primarily responsible for sustained work in the 
mechanics of utilizing heat from the sun has pub- 
lished an exhaustive revised account of the various 
devices to which solar heat has Ijeen put in the 
Smithsonian Miscellaneous Collections, Vol. gS, No. 5 
(reproduced in the Publications of /islronomical 
Society of the Pacific). 

For domestic water heating, a shalh)vv depression 
on the rot)f is lined with blackened .sheet metal which 


supports a blackened grid of pipes like steam radiator. 
The depression is generally covered with glass 
windows which focus the solar beam. Water circu- 
lates through the pipes and collects at a reservoir. 
Dr Ablx>t has been able to get 5 gallons of ‘very hot 
water* in half an hour on .sunny days. 

He has developed cooking devices also. Engine 
cylinder oil within a blackened metal tube at the 
focus of the ray-collecting mirror was utilised as a 
heat conveyor to get temperatures which were 
obtained above the boiling point of water. About 60 
gallons of this oil were employed for having a large 
capacity of heat. Two days of 7 hours* sunshine were 
required to initially heat the sy.stein. The heated oil 
is circulated by tubes to a sheath on the oven and the 
quantity of oil in the oven .sheath guards agaiiKSt loss 
of temperature due to the temporary cloudiness and 
the night hours. 

Solar heat has also been used to distil water. 
The entering water in the arrangement condenses 
steam and the lemperalure of the circulating water is 
gradually raised almost to boiling point, and only 
the latent heat of steam is supplied in the distilling 
device by solar radiation. 

To overcome the interference by the clouds, 
Dr Abbot has made a ‘solar flash boiler’ which 
raises full steam pressure with 5 minutes of solar 
exi>osures. It is automatic so that water supply is 
stopped as soon as the sun is hidden by clouds, 
and more water is immped when steam pressure rises 
above the desired maximum. By multiplying tubes 
connecting to the inlet and the outlet tubes leading 
to the boiler ma.ximum amount of heat is obtained 
and the sui)erheated steam is protected as well against 
c(M>ling by the entering water. With the help of 
dilTereiitial expansion between the Ixnler tulK* and an 
invar tai)e attached to the lower end of the boiler 
tube the temperature of the boiler gives an index 
to the prevailing .steam pre.s,snre and controls the 
position of the carriage of the device. With the help 
of this difference of temperature, on the other hand, 
a uniformly rotating eccentric i>in controls the i>ump 
of water. The efllciency factor of the flash boiler 
.S4'5 per cent ; mechanical efficiency 75 per cent 
and efficiency of conversion of solar to mechanical 
energy is ' 5 per cent. Dr Abl>ot .suggests that with 
high efficiency and great .sinqilicity of the present flash 
bf)ik*r .scheme, power from the .sini at not exceeding 
0 5 i)er cent horse power/hour will available, which 
is estimated to give a good return on the capital in- 
vestment for building the device. Unless this heat 
energy from the sun is conserved there may not be 
any poSvSibilities for its use in industrial organizations. 
Unfortunately, there is no thermal insulator as the 
electric insulators. It has however been suggested 
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that a silo'shappcd cement-lined pit containing dry 
coarse sand, wliich is a very bad conductor, with a 
layer of glass wool on the top to protect against con- 
duction ami upward convection may serve as a 
storage agency. An appropriate network of pipes 
at the bottom and at the toj) of tlie sand pit (luit not 
through the sand) will be connected to the solar 
heater. An automatic iiuni]) controlled by the heat 
of the focus tube will draw liot air into the top of 
the sand. 'I'lie heat on the sand pile will gradually 
work down, the whole attaining the temiierature of 
the focus tube on prolonged working. Hy reversing 
tlie circulation of the air, the heat of the sand would 
eive the outgoing air from the toj) a very high 
temperature out of the heat of the sand pile. 

Dr Abliot thinks that the best heat storage 
would be within a pressure lank tilled with water 
with a thick coating of glass wool. The water, 
healed far above the boiling point, would supply 
steam for hours during cloudiness and night, lie is 
of opinion that these stdar devices being of extremely 
siinjile mechanism can be produced in mass scale at 
attractive jirices, j^articularly for heating, cooking 
and distilling. He has estimated that New Mexico 
can supply ten trillion horse power-hours per year of 
mechanical power. 


Beryllium and its Uses 

Ih'KVi.i.irM is a metal which is hardly known to 
the public. There is no use of the metal sepa- 
lately in the i>ure .slate. Its property of increasing 
tile hardness and resistivity of metals like copper, 
nickel, etc., even when present in a very small 
percentage, has made it commercially very iintiortaiit 
nowadays. The metal was identified in the year 
1707. It was in the iio.st-War period that the extra- 

• rdinary heat-treatable characteristics of coiiper- 
heryllium alloys were discfivered in (Germany, which 
at once found a very high commercial application. 
It is lighter than aluminium, has a strong durability 
and /atigiie resi.stance, and has strong allinity for 
oxygen. 

Cooper is a soft metal, but when 15 to 2 75 per 
eeiit of beryllium is added to it, after proper heat 
treatment, it acijuires hardness comparable to that 
of steel. •Usually 2 per cent is mixed, and the 
lesullant alloy has a tensile strength of 70,000 pounds 
per .s(j. in. in an annealed .soft .state, whereas cold- 

• oiled and heat treated strip will give a tensile 
^'trength of *190,000 lb. per sq. in. lly way of con- 
tiast, structural steel has a tensile strength of 
f'o.fKio pounds. The peculiarity of this alloy is that 
it can be formed in relatively soft temper, and in the 
‘hictiJjL*’ slate can ^bc rolled, forged, and drawn. 


After heat treatment it acquires its extreme strength 
and hardness. Heryllium-copper is iion-magnelic 
and gives no spark when struck. It is very hard 
and wear-resistant, and is used for bearings and 
bushings and certain types of gears. Its non- 
sparking quality, coupled with hardness, makes it 
suitable for special tools to be used in plants where 
there are explosives or inflammable substances. 

Heryllium-copper has a very wide use as a 
spring material. A more uniform inoduct can be 
made, than is po.s.sible with spring steel or phosphor- 
bron/e, and the alloy is virtmilly untiring. A 
beryllium-cj)])t)er spring f«n' example can be Hexed 
15 billion times as contrasted to p)o,ooo for phosphor- 
bronze. 

Recently, cast moulds in jda.stics industry are 
being ma<le f)f beryllium-copper alloy. It is parti- 
cularly suitable for these moulds because it has a low 
melting point and good flowing qualities, which give 
excellent reproduction of intricate designs, and has 
a thermal conductivity twice that of steel, which 
permits a quicker moulding cycle. 

* • 

When 2 per cent beryllium is added to nickel, 
the resultant alloy, after i)ro])er heat treatment, 
acquires a tensile strength of 260,000 lb. per .scp in. 
as contrasted to 60,000 lb. for slrnctural steel and 
QO,oo<.> lb. for stainless steel. Heryllium-nickel 
valve si)rings work in aircraft engines without 
showing the slightest fatigue and that bushings of 
this alloy has not yet failed for a single time. 

Continuons attempts are being made to produce 
alloys of beryllium with aliniiiiiiuin and magnesium, 
but so far it has not yet been successful. If 
beryllium-aluminium alloys can be produced with 
the expected properties, then the aircraft industry 
will have a new material for engine i)istons, and 
consequently the aircrafts will be much lighter. 

Some of the interesting successes in beryllium 
research are nickel chronie-iron-beryllium and 
beryllium gold. The former alloy has an elastic 
limit of lb. per sq. in., is highly corrosion- 

resistant and non-magnetic. Its comntercial use is 
now limited to replacing watch spring st,eel in high 
grade watches. Heryllium-g(dd formed with i per- 
cent of beryllium is extremely hard and can be used 
as a dental inlay and for low-melting gold solders. 

Heryllium’ has a very high afTinity for oxygen 
and sulphur. The metal reacts with all oxides at 
high temperatures and combines very readily with 
sitlphur. These deoxidising and desulphurising 
properties are now being used for the pnxluction of 
high conductivity gopper castings and to remove 
the sulpluy in the steel melts. Iwen when a high 
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siili)liur cunUiil remains in steel, it is still possible 
to roll it, if l)ejylliuin is present in small amounts. 

vSidc by side with the increasing use of beryllium 
its extraction processes has imi>roved with con- 
se<iiient decrease in price. As recently as the 

cost was rujx'es i5,fx)o i)er pound. 'I'lic present 
price is roughly Ks. 40/- to Rs. 45/- per pound. 

N. K. S. C. 

Industrial Research in the U. S. A. 

I'kou an analysis of the National Research coun- 
cil surveys it is found that the nunilxr of orga- 
nisations in the U. S. A. maintaining research 
laboratories has grown from gm in iqzy to more 
than 1700 in rg.v''. These afford emi)loymeiit to 
nearly 50,000 workers. 'Phe chemicals and allied 
j>roducts industries are engaging the largest number 
which was over 9,500 in ig^S. bike the large 
factories of mass prixliiction where the progressing 
divisions of labour in manufacturing processes have 
made significant changes in the (piality and quantity 
of .pnxluctron, the present-day research laboratories 
are systeiiiatically dividing comi)lex problems among 
the specialists in the several sciences or their 
branches. Mach works on a separate phase of the 
investigation and with the help of teatn work, the 
laboratories arc achieving solution of various 
complicated industrial jnoblems. 

Manufacture of Liquid Gold in India 

Iviyuii) gold is a dark, viscous oily substance 
containing organic compounds of gold and certain 
other suitable metals dissolved in essential oils. 
It is ap])lied to the glass and ceramic articles to 
be decorated by means of a feather or a fine brush, 
either as such but usually after dilution with 


Can Tidal* Energy be Used in 

S. K. 

In 4 he rise and fall of the tide, we have an in- 
exhaustible source of energy. In a very small 
w^y the energy of the tide has Ixeii utilised at various 
places. • A tide mill in the river Tamar in Kngland, 
which was installed in 1790, is reported to be still in 
operation. It is only recently that large-scale projects 
for harnessing the tides have beeft seriously proposed. 
The French Government have provided •funds for 


essential oils. After drying, which usually takes 
about an hour, the articles are carefully fired in a 
muffle furnace in such a manner that the tempera- 
ture rises gradually and uniformly. For this pur- 
pose. the UvSc of a channel type of furnace in 
conjunction with a conveyer in which the suitable 
lemperatiirc gradients can easily be maintained is 
desirable. During firing, the organic portion of the 
li<liiid gold is lost, and a Imstrous film of metallic 
gold wdiich adheres firmly and cannot be easily 
removed is deposited on each article. 

In liquid gold, the gold and the other necessary 
metals arc pre.seiit in the form of resinates, which 
can 1)0 i)repared either by interaction between the 
metal chloride and the sulphur-turpentine compound 
or I)y heating together the oxide of the metal with 
V'enetian turi)entiiie at the Ixnling point of the latter, 
'rile sulphur-turpentine compound is an oily dark 
brown liquid, prepared by heating flowers of sulphur 
with a mixture t>f Venetian turpentine and oil of 
turpentine. 

That there should be no difficulty in manii- 
factiiring liquid gold in India, even during war time, 
and that the manufacture w'ould lie ])rofitable, is 
suggested by the Industrial Research Ilureaii in their 
Bulletin No. lO Manufaciuro and Application of 
IJquid (iohV* issued recently. 

Used extensively by the Indian glass bangle 
industry and manufacturers of ceramic articles for 
decoration jmnioses, liijuid gold has hitherto been 
exclusively imported from abroad. Since the out- 
break of war, its supjfiy has become greatly restricted 
and its price higlier. The Industrial Researcli 
Bureau has estimated that to produce an ounce of 
litpiid gt)ld under war-lime ctinditions would cost 
Rs. 16-7 instead of its jieace-limc cost of Rs. 
or 24 per cent more. 


India for Production of Power ? 

Banerji 

the construction of a tidal power station of an ex- 
perimental type near Brest. In Kngland consider- 
ation has been given to a tidal power scheme in the 
estuary of the vSevern. 

While tlie practicability of pow'cr production 
from tides is beyond question, the desirability and 
expediency of such a project will, depend on cost 
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at which power can be produced in any tidal power 
scheme. Norman Davey in his liook entitled Studies 
in Tidal Power has classified the various schemes 
that have lieeii sujijgcstcd for the utilization of the 
tidal energy into four systems, (a) the float system, 
(b) the tidal stream system, (c) the compressed-air 
system, and (d) the basin system. 

The Float System : The device is a very simple 
one. A floatiiiji: body havini*' considerable weiuht 
is lifted by the rising tide and during the fall of the 
tide this l>ody is made to do work by means of a 
system of levers and j^ears. If an old ship, weiKhini* 
20,000 tons is made to work in this way over a tidal 
ranj;e of 20 feet and in a tidal cycle of 12’^ hours, 
its horse power is 

2 240 X 20, OCX) X 20 _ ^ 

12*5x60x33,000 

Apart from the practical difliculties of working* such 
a scheme, the relatively small power that can be 
obtained in this way makes it of little practical 
importance. 

The Tidal Stream. System : The tidal stream 
system makes use of paddle wheels, which are 
usually fixed on a raft anchored in a tidal river. 
I'lie inovinj* water, due to the tidal current, causes 
the paddle wheels to rotate. This system is more 
eflicient than the float system, but, nevertheless, can 
be used only as small jmwer units. 

The Compressed-Air System : The compressed- 
air system makes use of the energy <if the tides for 
the direct compres.sion of air in closed chaml.>crs of 
suitable dcsiiin. This system is more efficient than 
the two previous ones, but the cost involved in the 
design is so great that it is of very little practical 
value. 

The Tidal Basin System : Of the various 
suggested schemes, the tidal basin system seems 
to offer the most jiractical mcthcKl. There 



may be *a single tidal basin cut off from the 
sea by a dam, in which are installed tur- 
bines, with intermittent periods of working and 
idleness, and equipped with suitable storage plant. 


or a system of duplicate tidal basins capable of 
working at all stages of the tide and therefore with- 
out storage plant. If a single tidal basin is used, 
water may be allowed to enter the basin through 
sluices during the rising tide, and after the sea* 
level has fallen through a portion of its range, wati r 
is allowed to ojicrate the turbines at a neirly 
constant head until low water. 

If AHC (I'ig. i) represents the sea surface during 
a tidal cycle ToT;,, and if it is desired to work the 
turbines under the head PX, then the i>eriod of their 
working will lie T/l'a and the i)criod of idleness 
TrtT, -TiTg. It will be clear from the diagram that 
if it is proposed to increase the working head, the 
period of operation will be shortened. It can be 
easily shown that the maximum output will be 
obtained when the head is approximately half the 
tidal range. 

We can get an increase* in the output by utilis- 
ing both the rising and the falling tides. If we wish 
to do this, the arrangement of the water passages 
should be such as to permit the use of the turbines 
with a flow from either side of the wall in which 
they are set. Otherwise duplicate inflow twrlnnes 
should be provided. W’ith such an arrangement the 
work done in a tidal cycle would l>e about 50 ])er 
cent greater and the idle period of the turbines would 
be correspondingly shorter. The dimensions of the 
.storage plant would also be reduced. 



We can alsf) arrange the system in such a way 
that the water during both the rising and falling 
tides flows through the turbines and 'adjusts its own 
level. 

The working condition is Sllustmted in Fig. 2. 
Ik^th the vSea-level CVAHC and the level of water in 
the tidal liasin, c'al)c, undergo cyclical variation*. 
The working head is shown by the shaded portion 
of the diagram. The head is variable and at the 
points, a, b, where the two curves biter<iect, it is 
zero. Therefore for an interval before and after 
these points, the turbines will stop wojrking for want 
of sufficient working head. The working jjcriod and 
the possible output are greater with such an arrange- 
ment, but the variation of working head is a great 
disturbing factor. • 
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If tlicrc arc two litlal basins, namely “the upper 
basin” and “the lower basin”, we can develop 
power almost coiitimiously. 

The workin.e arranjjenieiit is illustrated diagrain- 
inatically in Kii;. Flow from the sea into the lower 
liasin tliron.eh the turbines occurs durinj’ the upper 
portion, C'AH', of the tidal rise. At the same time 
the upj>er basin is bein.t; filled throii.uh the sluices. 
Durin.e the lower ])ortion of the tulal fall, IVHI), flow 
throu.eh the turbines inb) the sea is allowed to take 
place from the ui)per basin. Durini; this perhHl the 
lower basin .e;oes on emiflyin.ii itself throUi;h its 
sluices. In this way the power is developed coiiti- 
nuou.sly ; tlie fuitput, however, is not appreciably 
.t»reater than in the best of the siimle basin systems. 
The cost of providin.n two tidal basins and the dupli- 
cate sets of turbines makes the system lose much 
of its advanta^ics. 



FIG. 3. 


I’OWKK WAII.Xni.K IN lUsiN SvSTKMS 

I,et us supifosc* that at low water the sluices in 
a tidal basin haviiii* the area of A sipiare miles, or 
A square feel, are closed and remain closed 
durini.* the entire pericnl of the following rising thle. 
At the time of hii.>h water outside, there is a differ- 
ence in head I'.etweeii the level of the water in the 
basin and the water outside equal to H feet. If the 
sluices be now oiieiied, and if they be siqqosed to 
be lar.t*e eiioui^h tt) permit the basin to be fdled in a 
few’ minutes, a mass of water ecpial to 27,878,400 AH 
cubic feet will have eiitereil the basin. Since the 
avera.ee distance of fall of the water is bill feet 
and since the*weij.;ht of a cubic feet of sc*a water is 
approximately 04 pounds, tlie amount of work which 
this mass of wiiter#is theoretically cajiable of doini* 
is 802,108,800 AH" foot pounds. Hut this represents 
the work ffjr the total tidal ri.se, or in a period of 
6^4 hours. Hence the horse pow’er theoretically 
available is 


8g2,ToS,SooAH' 

• ^72 All-. 

6' 25 X 60 X .^3,cx>o 

Thv* tidal j^ower available therefore depends on 
two factors, namely, the area of the basin and the 
rauKe of the tide ; it varies directly as the area of 
the basin but as the square «f the tidal raiijje. 


Therefore to .L*et the best advanta’.i»e we must cons- 
truct the tidal basins at places where the tidal raiii’e 
is hi.iih. 

Smitahmc Pi..\cks in India for Tid.m. IUsins 

Hecau.se of the above consideration much atten- 
tion has been ^’iveii to the estuary of the vSevern, the 
mean ran)»e of sprinq tides at Chep.stow having the 
hi>*h value of 42 feet and of neap tides of 21 feet, 
as compared with the averaj^e value around the coast 
of (beat Hrilain of ib.4 and S.b feet respectively. 

For some of the Indian and Hurma stations we 
j^et Ihe followdn.ti values from the lide-tables : — 



Mean High 

Mc.'in High 


Water 

Water 

Port. 

vSprings 

Neaps 


ft. 

ft. 

.\kyal> 

7-85 

5-58 

.\nilierst 

19 09 

13(37 

B.-issciii 

802 

7-22 

He} pore 

41(3 

3-49 

Hliavii.'igar ... 

MM) 

27-27 

Hotnba} (.\ polio Hiiiidar) 

1.1-82 

10-00 

C'liaiidhali 

8-.‘S8 

0-82 

t'liilt.'igoiig ... 

12-89 

9-74 

Cot'onada 

4-99 

3-71 

Cochin 

2-90 

2-38 

C'oloinho 

2-21 

1 43 

Diamond Ilarhoiir 
(llooglily Kiver) 

10-34 

11-87 

Diihlat |IItH)ghlv River) 

10-28 

12-00 

Iflcpliaiil Point 

(RangcH)n River) 

19 93 

15-17 

K.'iraclii 

8-74 

0-82 

Kaiwar 

0-07 

4 82 

Kiddcrporc (llooglily River) 

15-80 

12-84 

Madras . . 

3-19 

2-57 

Mcrgiii 

17-58 

II 73 

Marinagao ... 

5-97 

4 (59 


A tidal range of less than 10 feet is not of much 
practical value. The most suitable place for experi- 
mental tidal basins is Hhavnagar. If experiment is 
desired to be performed near a populous centre, then 
obviou.sly the best place is the Hooghly River. If 
an area of 20 s<iuare miles could be utilised at the 
spring tidal range of Hhavnagar, the average output, 
working without storage plant, would amiroximate 
to a million horse power. 

Ki*'FKCT of Fl.UCriJATlONS IN Hkad 

The jirincipal difficulty in connection with any 
tidal pcAvcr scheme lies in the relatively great 
fluctuations in head. The great relative differences 
between spring and neap tides present some difficulty. 
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II can he met by design in;; for llic iniiiiimim bead 
and thus nlilisinj* only a small in-oporlioii of the 
available energy, with a consetinent increase of the 
power unit cost, or by adopting some etiually costly 
form of storage reservoir, which could be used for 
the i>roduction of additional power in a sectmdary 
l>ower jdant during periods of neap tides. 


This short note is intended to suggest the 
problem which offers a good deal of sco])e for 
inventive genius. Owing to the vast i>ossibilities 
which await the development of tidal power it is 
most im])ortant that investigations at those places 
where conditions are most favourable should be 
pursued seriously. 


Mineral Resources of Central Provinces and Berar 


TiiiC most imi)ortant geological formations in the 
Central Provinces from the mineral point of view 
are the Dhaiwars, with their deposits of mang- 
anese ore, iron ore, steatite, red ochre and 
dolomite ; the (foiidwanas, with their stores of coal, 
fireclays and pottery-clays ; the lalerile, with its 
bauxite and building stone ; and the alluviiun with 
its su])plies of brick-clays and kaiikar ; while 
excellent building stones may be obtained from all 
the bMinatioiis as well as materials for the manu- 
facture of cement, particularly in the Lower 
\'iudhyas and CuddajKdis and there is the i»ossibility 
of many minor mineral products being developed, 
'fliis information is given in a pa])er on the 'Mineral 
Resources of the Central Provinces and Berar, pub- 
lished in the ( > t'oloj^ical Survey of Indio Records, 
\’olume 74, part .v The relative importance of the 
various mineral industries hitherto established in the 
province can be judged from the jiroduction figures 
for rq38 : — 


Coal 

Tons 

... 1,658,020 

Manganese t)re 

040,405 

Limestone and Kankar 


Clay 

Oo,25.j 

Bauxite 

4 AM 

Ochre 


vSteatite 

j,i8o 

Iron ore 

Oil 


• Co.vh Output 

The total coal available in the province is coin- 
luited at 17,000 inillion tons of which the reserves 
of workable coal amount to 5,150 million tons. Of 
this nearly 4,000 inillion tons occur in the Wardha 
\'alley, 1,000 million tons in Chhattisgarh Mahanadi 
J^nd 150 million tons in Sali>urii region. A part of 
this reserve lies in Indian States. In spite, however, 


of the existence of a large number of coal fields, the 
majority have not been worked partly becau.se of 
their situation as regards communications and partly 
because of the rather inferior (piality of coal. Coal 
worked in the Pencil Valley Helds which are the best 
prcMlncers in the province, is of average second 
grade and is now finding a good market in the 
Central Provinces, (bijerat and Bombay. 

Judged from the standpoint either of (luantity 
or of value, the mangaiiesi.* ore indu.stry is the most 
imp<»rtaut mineral indu.stry of the province, which 
contains some of the finest manganese ore deposits 
in the world. Nearly (')(H),o»h) tons of the mineral 
are extracted e\ery year. The njcks of the gondite 
series with which the manganese ores are assiK'iated 
are developed typically in the Chhindwara, Nagpur, 
Bhandara and Balaghal districts and to a small 
extent in Seoni. 

X’akiktv in BiJii.Dixr, Matkrial 

Materials .suitable f«)r building purposes occur 
in great variety and abinulance. 'I'he alluvial tracts, 
not only of the Narbada, Puma, Wainganga, Kanban 
and other big rivers, but also of many of the 
smaljer .streams, yield excellent brick-clays, whil.st 
kankar is abundant in the tracts of older alluvium. 
Laterite is abundant in some parts wh'ile the Deccan 
tra]) provides an excellent building stone, and is also 
one of the best stones for macAda in .roads and for 
concrete-aggregate. The lanieta or Hme.stone wcurr- 
ing in the vSatpuras and in Nagpur ‘and Chanda- 
(Karamgaon) constitutes an excellent ragstone. 

There are several formations of excellent orna- 
mental stones. For marble, the best kliowif locality 
is the Marble Rocks in the Jubbulpore district, but 
numerous excellent marbles occur also 'in the Betul, 
Chhindwara, Nagpur, Seoni and Narsingpur* district. 
Beautifully marked serpentine marbles can be had in 
Chhindw aras. Sandstones suitable for ashlar work 
and fine carving nuiy be obtained from Bhutara hill 
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and Isapur in tlic Chanda district, Silcvvada near 
Kiiinplcc, Akluiiid in Niniar and Kllichpur in 
Aiiiraoti. Fine white sandstones are quarried at 
Sir.ijora and Pat he in Hetnl. The Panchinarhi sand- 
stone is also a .i^ood building stone. 

vS,\ni>stonks 

Ked, yellow and buff sandstones used in so 
many of the f'aiiious buildings of Northern India 
liave Ih-vii taken from various divisions of the Upper 
Vindhyas. The Rewah group near lloshangabad 
has yielded thin red sandstone flags for use as roofing 
tiles. Ivimcstone suitable for liine-buriiing and 
building purposes is found at Katni. Mixed with 
Lower Vindliyan shales it is also used for the manu- 
facture of cement, while the Raipur and Penganga 
limestones are now Ixiiiig extensively used for 
building imrposcs. A pure quartzite suitable for 
crushing for glass san<l occurs in large masses near 
Kishanpur, ten miles from Narsinglipiir railway 
station. 

White clays are often seen in the Jabalpur l)eds 
of •Jubbult)ore and Chhindwara district. The 
Jubbulpore potteries obtain their supplies from near 
the town. In Chhindwara the clay l)eds are 2 to 3 ft. 
thick and sometimes as much as 10 ft. white clay 
is also available in Drug district. Fire clay is often 
found in the Indian coal measures, aas(K:iatcd with 
coal-.seaiiis, frequently as an under-clay, and could 
probably be obtained from most of the coalfields of 
the Central Provinces if require<l. Upper Gondwana 
clays of Jubbulpore are found to be cxceetlingly 
refractory and are used in pottery works. 


Ai.tTMiNiUM Ork 

Large (piantities of aluminium ore occur in 
Raihar i)lateau in the Halaghat district and near 
Katni in the Jubbulpore district. Maiidla and Seoni 
districts, too, have srmie gotnl dei)osit.s. In recent 
years some dvposits with 60 per cent of alumina have 
Ixjen found to occur near Bhabei and further south 
in Nandgaon^Statt. 

Both red and yellow ochres occur at several 
localities in the province. Red ochre is mined at 
Jaiili in the Jubbulpore district and is also available 
in the Oaiidai and in the vSalitekri hills in the 
Balagh.at district. Small lenses of earthy haematite 


which should prove useful as a x^aint material are 
found between the Sukkur river and the Narsingh- 
pur-Chhindwara road. Steatite is reported from 
several localities, the best known of which is the 
Marble Rocks near Jubbulpore. There are also 
dei>osits at Gowari and Lalpur to the south of the 
Narbada and near Rupaiiiid on the Katni-Bilaspur 
branch of the Bengal Nagpur Railway. Pot-stone 
and steatitic schist have Ikcii reported from several 
localities in the Bhandara di.strict, whilst at Jainbal 
Ghat in the crystalline area of Chanda is a dark- 
coloured ])ot-slone formerly usL*d for carving into 
idols and household vessels. vSimilar rock from near 
Kilokora in the Drug district is also worked for 
making uteii.sils. Soapstone has also been reported 
from near Whin. 

Ikon Ores 

The most valuable and abundant of the Centnd 
Provinces iron ores occur in the Dharwarian rocks, 
particularly in the Chanda and Drug districts and in 
Bastar State. At least ten separate deposits, some 
of which are of large size, have been located in the 
Chanda district. The most striking occurrence in tin* 
Drug district is the ridge which includes the Dhalli 
and Rajhara hills, extending for some 20 milc.s in a 
zig-zag, almost continuous line, and rising to a height 
of some 400 feet al)ove the general level of the flat 
country around. In the Rajhara hills there exists 
2M million tons of ore carrying alnnit 67*5 jHir cent 
of iron. The reserves of ore in the Ba.star State are 
estimated to be 114 and hio million tons, and the ore 
is of excellent (luality. Though occurrence of mica, 
(piartzite, copper, lead, silv *»*, foul-sj^ar felspar, 
wolfram varieties arc also reported, the discoveries 
have not hitherto proved t(j be of much value. 

vS.M/r Resourcks 

There are four hot springs in the province, 'riu* 
crater lake near the village of Lonar, in the Buldaiia 
district, Jierar, contains a large i>roportion of cai- 
Ixmate of soda which crystallises out on the evapora- 
tion of the lake during the hot season and is'uscnl 
in the manufacture of glass and soap. A certain 
(luantity of salt is also obtained as a bye-product in 
the manufacture of carlx>nate of soda from the brine 
of the Lonar lake. A deposit of saliferous sand 01 
clayey sandstone has also been noted l>eneath tlic 
alluvial deposits of Western Chanda. 
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New Syphilis Cure 

A NKVV inetliod of ciiriiij*: syphilis has l)een 
rc‘l>ortc*cl from llic Manhattan ^^ollnt Sinai Hospital 
in uaslerii U. S. From the bottom of a jjir 

siispciulc<l above a syphilitic patient’s bed a 
yellowish iluid trickles throuj»h a flexible .t-kU'S 
lul)e into a needle inserted in the vein between his 
elbow and wrist. The appartns is an ordinary 
“Murphy drip,” long used for glucose feedings. In 
the jar is a sugar solution of mapharsen, one of the 
earlier of the 95otMld arsenic ccjinpounds invented 
by Paul Khrlich, and the drug .seeiied two drops 
every three seconds into the tmtient’s veins. With 
the drip method, early syphilis is expected to l)e 
cured in five days. 

The slow dripping of mapharsen into the blood- 
stream of the patient for eiglit hours a day eliminates 
the “shock" of relatively large injections, builds uj> 
blood tolerance to huge concentrations of the essen- 
tial arsenic. During a flve-day treatment, a patient 
absorbs about two and a half gallons <»f mapharsen 
solution. 

The doctors llrst liied neoarsi)henamine in their 
Murphy drip, but found it “too dangerous." Maph- 
arsen, which is less toxic, was dise'arde<l by Uhrlich 
l>ecause it was to«) unstable. Hut imKlern chemists 
have “set" the drug. The entire course costs only 

a patient, as contrasted with an average of $300 
for the standard 18 months of arsiflieiiamine injec- 
tions. There is however a drawback to mass cures in 
Ihis tecliniciue as it can be used only in hosi>itals, not 
in doctor’s chambers. 


Grass for Health 

Wni^ Nebuchadnezzar, the Babylonian king, 
\\as feeling low', he crawled on his hands and knees 
and ate grass. But Nebuchadnezzar alst> drove 
the Egyptians out of Asia, conquered Syria, destroyed 
Jerusalem.* After four years of aiialj'^sis and experi- 
ment, Time reports that it has been proved ^hat grain 
grass contains all the vitamins except D, has 28 times 
more vitamins per pound than dried fruits or vege- 
tables. It has 23 times more vitamin A than carrots; 


nine times more vitamin B, than leafy green 
vegetables ; 22 times more vitamin B^ than lettuce ; 

1/1 times more vitamin C than tomatoes and citrus 
fruits. 

The scientists ate this grass, in a form made lit 
for consumption by mixing it with other food-stulT, 
all winter, caught no colds, and enjoyed excellent 
health. Three lb S. factories and one Canadian are 
now' making pjjwdered grass. ’Phe approximate cost 
is 6 cents per Ib. It was reported to the American 
Chemical Society meeting in Cincinnati in /Vinil last 
that the use of only tw’clve pcninds of powdered grass 
a year would sup])ly the necessary factors for a 
lilx?ral diet to all IJ. S. families at a price* they could 
afford for the first time in history. 

Doctors have already begun to feed powdered 
gra.ss solution to new-born infants with haemorrhages. 
Of the 2o-(Kld vitamins know’u to science, alH>ut leu 
can be extracted from plants or produced artificially. 
.Mo.st important vitamins on the physician’s shelf 
are 

(/■) Vitamin A : for night blindness and 
certain skin diseases. 

(//) Vitamin B complex (consisting of some 
15 related vitamins) : for pellagra, and 
for deafness cau.sed by deterioration of 
the auditory nerve. 

[Hi) Vitamin B^ (thiamin) : for beriberi, 
anorexia, certain heart disturbances, 
inadecjuate lactation, nerVe diseases of 
alcoholism, facial neuralgia, cirrhosis 
of the liver, sciaticA. * , 

(tv) Vitamin B3 (rilx)flavin) : for blindness 
caused by inflammation of the cornea,’ 
certain skin disorders. 

(v) Vitamin C (ascorbic acid) ; for scurvy, 
pyorrhoea, rheumatic fever, w'ound heal- 
ing, haemorrhage, cataract, insomnia, 
inflammation of bone marrow. , 

(rt) Vitamin D (calciferol) : for rickets, 
nervous spasms, softening of the bones, 
acne, psoriasis. 
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(rif) V’ilainiii (alplia-tocojihcrol) : for sleri- 
lily, imisdc weakness, diseases caused 
by dei’eiieration of nerves. 

{viii) X’ilainin K : for liaenioriha.ee. 


Drug Difficulty in India 

In the c*eonoiny of drii.es, due to the present difli- 
enlty of snpi)ly, ineilieal men should iivoid noncritical 
and indiscriminate use of dru.es and too much 
dru.e.ein.e. They should further avoid proprietary 
medicines whose i)otency and usefulness in Indian 
market at lea.st i-aniiot be .euaranteed. 'fo lide 
over the anticipateil shorta.ee of dru.es Dr H. Miikerji 
of the Hiochemii'al Standardization Laboratory in 
the course of a lecture delivered at Hurdwan Medical 
School sue.eested the use of ‘substitutes’ or ‘eiiui- 
valeiits’ for prepartions which have already become 
scarce or which are considered necessary to con.serve 
aeainst the eventuality of their supplies bein.i> com- 
[detely cut olT. Synthetic remedies and or.iiano- 
nietallic ijroducts like XTronal, Medinal, Luminal, 
Adalin, XcWal.uin, \'eranion, Kukndal, Pheiiacetin, 
Pyraniidoti, Resorcin, Oinnadin, Hexainine, Vatreii, 
Solustibpsan, Neo-stibosan, Neo-sal varsan, Pnieiymin, 
Proluton, Prontosil, Cam])olon, Atebrin, Plasmoriuin, 
Protarj^ol, etc., will not be available for some time 
to come. Tt is understood that attem])ts are bein^ 
made to iinK'ure from neutral countries at least one 
of the two ‘lnn.j^-actin.i>‘’ barbituric acid derivatives 
and another member of the ‘short-act in.i*’ barbiturate 
class like ‘amytaP, and practitioners will be well 
advised to stick to them whenever retpiired in prefer- 
ence to other similar Cicrman preparations like 
Kvipan, or Kvipan-sodiuin. Surgeons will have to 
concentrate on the use of ^^eiieral amcsthetics like 
sulphuric ether and chloroform. Kthyl chloride, 
nitrous oxide, vinyl ether, cyclopropane, etc., may 
not be available at all after some time. In the .t;roup 
of local anaesthetics, it will perhajis be found advis- 
able to call for. only the standard ones like procaine, 
orthocaiiie and benzocaine rather than |>rescribe 
pantocaine or purcayie. Though ‘Prontosil’ will be 
larj^ely iiiissen by practitioners, e(iuivalent or 
perhai^s more ])otent derivatives of the same type 
‘may S(X>n 4 >e manufactured in Itn.i»land and rndian 
supplies of ‘sulphoiianiides’ should in all probability 
be maintained. ‘Myo.salvarsiin’ and ‘Neo .sal varsan’ 
will be scarce but e(iuivalcnt preparations of British 
and American make will be procurable. In place of 
Protar.e:ol, a • preparation of silver proteinate of 
Briti.^h ^nanufacture is available. A local finn 
fBen^ial Chemical) has als^:) produced one which 
seems to be almost identical in laboratory tests. 
‘Atebrin’ and ‘Plasmo(|uiiie’ will have to be foixoUeii 


for some time until their manufacture on a com- 
mercial scale is achieved in India. Injectable liver 
extracts have been put out by local firms and these 
must su]>plant ‘Campoh)n’ for some time to come. 

ke.irardiiiR the vegetable drug resources of India 
and her other ])otential chemical resources. Dr 
Mukerji thought it curious that India, the house of 
medicinal herbs and dru.gs, should remain dependent 
to .such an extent on foreign imj)orts. Nature has 
been particularly bountiful to her in this re.gard as 
will be evident fnan the fact that nearly three fourths 
of the dru.gs mentioned in the British and other 
pharmacopoeias .gU)w here in a state of nature and 
the remainin.g t>iie fourth can be easily cultivated. 
W’liere pharmacopoeial .species do not grow, allied 
.species are available which may be used as suljsli- 
tutes. 

The Association of British Chemical Manu- 
facturers has already publi.shed a list (»f British 
‘.su Institutes’ or ‘eipiivalents’ of foreign phannaceiitiial 
preparations for which a likely .shortage exists. This 
list has been reproduced in the I'rilisli Medical 
Journal and in the Journal of I he Indian Medical 
.Issocialion. A similar list with Indian eciuivaleiils 
is in the cour.se of preparation in the Biochemical 
.Standardization Laboratory. 

It .should, however, be emphasised that this can 
only be treated as a temporary measure. Our efforts 
shoidd be concentrated on the manufacture of all 
these products in India, for which our resources are 
ample and scientific talents are available. 

Loss of Vitamin B, from Rice 

Nutrition researches under Dr \V. R. Aykroyd 
at Cooiioor have shown that Vitamin B, is pro- 
gressively lost with each ]>olishing of rice. If how- 
ever the rice is previously parlKuled, resulting there- 
by in a diffusion of vitamin It, from the .germ and 
pericarp into the grain, subsetiuent milling causes 
only slight loss. Therefore when the .staple fo(xl is 
raw milled rice, beri-l>eri is more likely to (K:cur than 
with a stai)le food of parlnjiled milled rice. Many 
food factors in rice being soluble in water are readily 
lost on washing and cooking if the cooking water is 
discarded. The losses are of the following order- 
calories- 15% ; jirotein— 10% ; iron — 75% calcium 
and pho.sph()rus — 5^)% ; vitamin It, and nicotinic acid 
— 40 to 50%. Wf)rking with milled parboiled rice 
in Bengal, Dr S. Bancrjee (Sciknce ani> Cui/ruRE, 5. 
262, 1939) has shown that in the u.sual cobking pro- 
cess in wjiicli the water after boiling is di.scarded, 
rice suffers the following losses -protein 3*7% ; iron 
47% ; calcium 70% ; pho.sphorus t 8%. Considering 
that the ordinary diet in India is deficient in many 
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resiiects, it would seem advisable that the water 
used in cooking rice should not be discarded. 

P. K. (\ 

Vitamin C and Toxins 

OhsKRVATIons by 11. Ohosh (/. Ind. Citem. Soc., 
lO, 241, iQM)) on the effect of diphtheria toxins 
on the ascorbic acid contents of bloc^d and various 


organs and on its excretion in the urine at 
the University College of Science and Techno- 
logy, Calcutta, showed a decrease of ascorbic acid 
content ino.st marked in the adrenal glands. The 
ascorbic excretion in urine showed a decrease in the 
free acid and an increase in the combined acid. 
These observations sujiport the view that vitamin C 
is of major importance in the detoxicating pnicess. 

P. K. C, 


Physics in Aid of Medicine * 

M. N. Saha 

Palit Professor of Physics, Calcutta University. 
AND 

P. K. Sen Chaudhury 


Physical Apparatus in Usic Mkdicm. Mkn 

Mkdicink, the science of healing, has to lay almost 
all the basic sciences under contribution, and 
the jirevailing impres.sion is that the lion’s share 
is mono])olised by chemistry. Hut if an impartial 
jury were today set up, to adjudicate between the 
claims of chemi.stry and physics, the chance is nearly 
50:50 that they will find in favour of ])hysics. 
Physics has given medical men instruments, ai)])aratus 
and appliances which are almost in daily use by the 
general practitioner. (.)ne need mention only the 
thermometer, the stethoscope, the ophthalmoscope, 
and the sidiygmomaiiometer. Hut experts today, 
both ill medicine luoiier and in subjects connected 
with medical re.search, use a vast iiumlKM* of physical 
apparatus and appliances about which the average 
man has hardly any idea. One need mention only 
the use of X-rays by surgeons, of radium for the cure 
of cancer and skin diseases. Another physical instru- 
ment, the spectroscope, has lieeii found very useful 
in vitamin chemistry and recently with its aid, the 
important discovery has been made that deficiency of 
certain minerals which occur in our foodstuff in 
minute proportions may give ri.se to many diseases 
and ailments, the origin of which has been so long 
obscure, amongst men and beasts. 


* Based on a public lecture ilelivcred by Prufes>or Sulia 
tl^e» Royal Asiatic Society of Bengal. 


The lecturer visited .some four years ago the 
International Congress of Phy.sical Medicine which 
was held in London in 1056 and was attended 
by delegates from almost all the countries of the 
world. 'I'here he realised for the first time the great 
part which physics was destined to play in the near 
future in the art and profession of healing. Later 
he attended the Harvard Tercentenary where Prof. 
Krogh of the University of Copenhagen gave a lecture 
on the use of isotopes as indicators in biological 
research. Last year the R(xrkefeller Foundation of 
Xew York devoted a large part of its Report to the 
descrijdion of the cyclotron, the latest physical 
apparatus used for “Nucleus— busting” and the 
development of the science of molecular biology, 
which makes use of recent advances in the physics 
the nucleus of the atom. All these indicate the 
growing importance attached by medical men to the 
recent discoveries in physics and their eagerness to 
utilise them for medical research. 

Phy.sical Idkas in Mkdical Rrskarch 

When one goes into the working of these 
methods, it is very difficult for a scientist to 
obtain any intellectual satisfaction. Tke position, is 
very well expressed by an acute observer. “The 
medical man uses jdiysical apparatus just to enhance 
his clinical sense, but has not yet learnt to use phy.si- 
cal ideas for understanding tlie human Ixxly and its 
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ailinciils.” As an uxainplc of this attitude, we can 
take the case of radium wliicli has been used for the 
treatment of cancer and many other diseases from the 
time when Heiiuerel and Pierre Curie discovered that 
bottles containing small (luan titles of radium, which 
they used to carry in their pockets, produced burns 
in their skin. Hut in spite of 40 years of work on 
the use of radium on the human body it is rather 
surprising to read tlie followini' remarks in the intro- 
duction to a well-known monojiraph on Radium and 
Cancer. 

“Moreover, after years of labour and of the most 
painstaking research there is no general agreement* 
on the ])est melh(Hls of application or even as to the 
period over which the treatment should extend. 
London regards as inadeiiuate a period under 14 days, 
Stockholm is satisfied that a period of four hours is 
ample, w hilst America, as might perhaps be expected, 
uses a stoj) watch. And yet all claim, so far as we 
can .see, to obtain very similar results.” 

Perhaps part of the confusion arises from the 
fact that in radium, surgeons are using a tool the 
actiop of which they can scarcely be expected to 
understaiKr since it involves a know'ledge of physics 
w'hich they cannot reasonalily be expected to possess, 
whilst .on the »itlier hand, the physicists cannot 
jiossibly gra.sp all the difficult clinical and biological 
problems which confront these surgeons. The 
lecturer was fin tiler .«;urprised to read in this book 
that even after /lo years of work the ways in which 
the difTereiit rays from radium - alpha, beta and 
gamma, — work upon the cells are not definitely 
known. It proves that in tlie attack on human 
disease and on biological jiroblenis by medical men 
where [diysical methods are going to be applied the 
need of co-operation by comiieteiit physicists is 
neces.sary, and without that intelligent co-operation 
many of the results are likely lo prove spurious. 

If this be the position in Uuroiiean countries, 
one can easily understand the lack of system which 
exists in this country. It is reported that a scheme 
is jicnding before the Government of Heiigal for the 
Medical College Hospital at Calcutta for large-scale 
use of radium*. A similar scheme is in operation at 
the Tata Memorial Cancer liosiiitaL at Bombay. 
We are iio.t aivare wdiether sponsors of these schemes 
have in view the employment of trained research 
physicists. At iiresent there is hardly any medical 

* It lias been reported that ciosage has been workcil out 
very accurately on physical principles and that Stockholm 
uses the , shorter periods in ord r to he able lo treat a larger 
number of patients. Wliat is aimed at now in the case of 
malignant disease is to get a uniform distribution of 
radiation and in the ease of earcinomala to try ami get a 
dose of something like 8000 r. units^at the centre of the 
tumour mas.<i. 


college or a first-rate hospital which einjiloys 
physicists well- versed in rc.search w’ork, or conversant 
with the latc.st developments in physics. Their place 
cannot be taken by those who are employed for giving 
elementary lessons in physics to fresh students of 
medioine or to act as technical assistants to medical 
men in the manipulation of physical apparatus. Kven 
some of the hospitals in this country possessing large 
amounts of radium (one hospital po.ssesses as much 
as ibc^o milligrams), and X-ray apparatus for deej) 
therapy hardly employ i)hy.sicists with research ex- 
perience for a sy.steinatic well-planned attack w'ith 
their appliances on tropical diseases. In this connec- 
tion, attention may be drawn to a letter which Prof. 
D. M. Bose, now Director of the Bose Research Insti- 
tute, and the senior writer wrote to the press when, 
four years ago, the Calcutta Medical College celebrated 
its centenary, and inirchased, out of the subscription 
rai.sed on the occasion, 250 milligrams of radium to 
which a further lot of 50 milligrams has since been 
added. We pointed out that the radium, instead of 
being kept in small amounts in lubes of glass or 
metals, may be at least partly kept in the form of a 
solution, from which radon tubes (seeds) may be 
prepared by a trained phy.sici.st regularly, and dis- 
tributed for a small payment to general medical 
practitioners. This is the ciislom in most radium 
hospitals in Kun^pe, and the other day it was given 
out that the Dublin Radium Hospital distributed in 
course of a year about iiooo radon tubes amongst the 
general i)ractitioners in Ireland. This practice has 
g(it great advantages ; the original amount of radium 
remains intact, and absolutely safe under lock and 
key. The radon lubes are ipiite as goixl as the 
original radium so far as curative ])roperties are con- 
cerned, for about a week. It becf)mes possible for the 
practitioner w’ho has no connection w’ith the hospital, 
and who cannot alTord the luxury of liaving his own 
store of radium, to use radium rays on his i)atienls, 
whilst under the present system, the use of radium is 
confined only lo medical men who arc directly con- 
nected with the hospital, and to patients w'ho can 
afford to come to tlie hospital. The adoption of tlie 
measure advocated by us will bring the benefits of 
radium treatment to a far wider circle of patients, 
and though it involves the employment of a traineil 
physicist, the cost is justified on humanitarian as 
well as utilitarian grounds, and it is hoped that the 
authorities of the two medical colleges a^ Calcutta 
will see their way in giving effect to our suggestions. 

As a further example of the way in whicli 
medicine may derive benefit by the employment of 
trained iffiysicists, I may refer to shorlwavcs having 
wavelengths between 3 to 30 metres now being used 
for local heating of the tissues. Wliile reading a 
medical rciiort on short wave therapy, I was amazed 
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at the amount of contradictions in the results re- 
ported by well-known medical authorities. Some 
claim that these waves have a selective action on 
certain tissues and others entirely deny that, but 
there seems to be general agreement that l)y means 
of shortwaves, the temperature of parts of the body 
can be locally raised and many cures can be elTected. 
Here also co-operation of physicists who are well- 
trained in the manipulation of short waves with a 
])iologist is bound to lead to very fruitful results. 

Human Body as a i’ikck ok Physicai. Apparatus 

In an assembly of iiieilical men, one has to be 
cautious in his expressions, but the lecturer has 
lK)l)es that the study of the human body as a 
piece of physical apparatus is likely to lead to great 
and fruitful results. By the application of well- 
known iniiiciples of physics, many operations hitherto 
considered imi)ossible by surge<jns, have been 
Miccessfully tackled. One may mention the dis- 
covery of the artificial heart, an elaborate piece of 
])hysical machinery, which can take over the function 
of the heart for a .short time, thus enabling the 
Mirgei>n to perform operations on that delicate organ 
which, a few years ago, were considered im])ossible. 
It is reported that Dr Oibbon has invented an 
artificial heart, which can pump blood from the 
jugular vein ami thus temporarily take over the 
functions of the heart. Operations were performed 
a year ago on the hearts of six cats, while they were 
kept alive during the time of o])eration by the 
artificial heart. Of the six cats so operated, all are 
alive and healthy, and one has brought out a litter of 
six kittens. The invention of the artificial lungs 
has rendered operations on the lungs possible, and 
has opened a way for a .successful attack on 
laihiionary diseases. Of great interest is the dis- 
covery of the Perfusion Puinji by Carrel and Lind- 
bergh, which enables a ])iece of tissue to be main- 
tained in suitable atmosphere, fed automatically and 
thus kept alive for an indefinite period. The dis- 
covery of the Perfusion Pump was possible 1 >ecause 
therj.; was co-operatit>n between a man well -versed in 
mechanical engineering and another who is the great 
l>ioneer of tissue culture. 

Kmpiricai, Nature ok Medical Research 

In recent years, we have heard much alxjut 
the cyclotron, the wonderful machine that h.as 
rendered the alchemists* dream of transmuting one 
element to another a practical reality. But it is not 
so well known that this apparatus has oi)ened 
great future for biological and medical re- 
search, and it was stated in a recent symposium on 
bi()])hysics that the lime is possibly near when a 
cyclotron manufacturing ‘radioactive atom* will be as 


familiar a feature of first class medical colleges and 
hosjjitals as an X-ray machine is at the ])rcsent 
moment. Let us see what the new machine means 
for the medical men and the biologist. 

Even medical men will admit that the action of 
drugs on the human system is yet far from being 
clearly understood, 'fhe successful ])raclili()iier has 
mostly to depend on his sixth sense, when he 
prescribes a medicine for a ceiiain ailment. 

The position has much improved since the great 
pioneer Ehrlich showed that bacteria of certain 
diseases can be successfully tackled by properly 
designed molecules. One can refer to his epoch- 
making work, whereby the foul disease of syphilis 
was successfully combated by the use of Salvarsan, 
discovered after 0o6 trials. Since his times, his 
example has been emulated in many countries, not 
exchuliiig oiirs. Here Sir U. N. Pralimachari found 
after hundreds of unsuccessful experiments, that the 
kala-a/ar i)arasite (Leishmann- Donovan bodies) can lx; 
successfully combated by the ai)plication of antimony 
in the form of Urea Stibamiiie, a discovery which 
has led to the coiKpiest of kala-a/.ar, and has saved 
millions of lives in this country. 

But a far large number of unsuccessful investiga- 
tions shows that the specific action of drugs on the 
human system and the way in which they load to the 
cure of drugs is mostly a “terra incognita”, and even 
the combiiialiuii of chemistry and bacteriology has not 
given us a royal road. If success crowns any investi- 
gator’s eft’orts, it is as much iliie to his doggedness 
as to luck, or some brain wave. l‘or example, in 
spite of thousands of attempts, an infallible remedy 
against malarial fever in all its stages, like Urea 
Stibamine against Kala-a/.ar, has not yet been foiiiid. 

What is the reason for this state of affairs ? 'fhe 
difficulty can be appreciated if we try to appriKich the 
problem from the physicists’ point of view. A gni. 
molecule of matter contains aliout a (|iiadrillioii mole- 
cules (6 followed by 23 zeros) ; when even the 
smallest dose of a medicine is administered to the 
human Ixxly, say a iiiilligram of (juinine we add 
to the luimaii system about 2 trillion molecules (2 
followed 18 7X‘ros), they get distribute<\ througlioul 
the whole system, sometimes preferring certain * 
regions and avoiding others. It becomes alnu^st an 
impossible task to track how the molecules 
have distributed themselves in the different .pai'ts of 
the system, what reactions they are producing there, 
and wdiicli of these reactions in particular is respon- 
sible for the cure of the disease. The position can 
Ik; rendered clear by an analogy : suppose we take 
the Ctangcs river, and release near its source a ton 
of sand particles ami we ask the hydraulic engineer 
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to find out how these sand particles have distributed 
themselves in the main stream, in the branches, and 
tributaries, and in the estuaries. Can he do it? The 
answer will l)e a decided “No’*, lK*cause a fair-sized 
river from its sources to the mouth contains about 
lo*"’ c.c. of water, and one ton contains alKiut lo" sand 
particles, hence there will be barely one particle in loo 
liters of water, and this will mix up with host of other 
sand particles from whicli it is undistinguishable. Hut 
suppose we find out a way of Kivin.e the original sand 
particles a label — a hall-mark, hy which it can be 
easily identified even when it is mixed up with 
hundreds of thousands of common stind-particles. 
Tlieii the task will Jio longer appear impossible. The 
prospector has only io look for the “labelled sand 
l)articles“ in any sample of water which he fishes out. 
This is exactly what the cyclotnm and newer 
techni(iue in physics ijromises to achieve. The 
ordinary atoms of which a drug is comi)osed cannot 
lx* distingui.shed from its fellow-atoms of the same 
variety. Hut the cyclotron can impress upon atoms 
“a hall-mark’’, which does not interfere with its 
ordinary chemical or physical properties, Imt by 
means of this ‘hall-mark’, the particular atom, tagged 
aUmi as it* is called, can be distinguished from the 
myriads of its fellow-atcnns, and the method is so 
sensitive that even single atoms can be detected. 

How A IlAia.-M\RK IS iMPARTIvI) ON InDIVIDUAI. 

Atoms 

To understand how this ‘hall-mark’ is imparted 
to atoms and how they can be individually 
detected, let us make a little digression into atomic 
physics. You must be aware that the atom was split 
up nearly forty-foirr years ago. It is now known that 
the atom consists of two broad parts ; the nucleus or 
the heart of the atom, and the outer shell of electrons. 
When We take an element like copper which is 
the twentyuiiith element in the pericnlic tale, we 
can take it that it has a ‘nucleus’ or heart which 
has a po.sitive charge of 2t) and nearly all the ‘mass’ 
of the atom which is 63 in this case. Tt is .surrounded 
by 29 electrons. Now, it has been i)r()ved that all 
the chemical and ifiiysical proi)erties are caused by 
the action of the outer shell of electrons. 'I'liey give 
• to the coiipef atom its valency of one or two, eiialding 
it to form' CuCl or CuCla etc. The outer shell of 
electrons, when excited by lx)nil)ardment with 
electrons of suflicieiit energy from an outside source, 
give us the characteristic green light of copper or 
better the ultra-violet light by which it can be 
identifiegl. The chemical and physical reactions 
which we attribute to an atom are all due to the 
activity of the outermost electrons. Hut the inner- 
most electrons can also be dislods^ed ; then the atom 
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gives its characteristic X-rays which are used by the 
surgeon, or the X-ray therapist. 

In all these reactions, the nucleus takes 
no direct part, and none of these reactions can be 
detected unless we handle nearly lo*'’ atoms. For 
example, if we want to find out whether there is 
sufficient amount of iodine in some part of the human 
body, say the thyroid gland, we have to lake a 
<iuantity of tissues weighing a!)out 20 to 25 gins ; 
for the least number of iodine atoms which can be 
tletected either l)y its siiectrum or by the sensitive 
starch reaction is at least lo’’’ to 10*^, and thyroid 
gland issues contain only 2 per cent of iodine. How 
much it would mean for the progre.ss of medical 
re.search, if some metlKKl could be discovered by 
which a concentration of lo'^ or lo*’ atoms of iodine 
in some part of the human system could be detected? 
The method will be ro'* times more sensitive than 
any existing chemical or spectroscopic metluxl. 

We now turn to the ‘nucleus’ of the atom. It 
is not cjuite correct that the ‘nucleus’ is entirely 
indilTereiit to the electrons in action. Though it 
lakes no direct part, it indirectly controls all their 
activity, 'riie part it plays may be made clear by 
an analogy. It may be a matter of experience to you 
that if you wish to get anything done by a political 
party, it is no use trying to convert the rank and file 
to your views. You have to try to change the heart 
of the ‘Hoss’ who controls the party machinery and 
convert him to your views. If you succeed in doing 
that, the rank and file and the rabble will auto- 
matically range themselves on your side. Need we 
say, that the changed behaviour of the rank and file 
will be to the invisible influence of the ‘Hoss*. 

The atom is, in many respects, like a well- 
organised political party machinery. If you want the 
mercury atom to behave like gold as the older 
alchemists wanted lo do, it is no good trying any 
physical or chemical method, i.c., trying merely to 
influence the external electrons, or following our 
analogy, the rank and file of the party. They will 
not listen to you unless you strike at the ‘heart’ or 
the nucleus of the atom and try to persuade “him” 
to behave in a different way. Hut a few years back, 
however, we .saw no way of achieving this ideal. 

This is because the nucleus, like the political 
Ik)ss, is a highly strong personage and it resents any 
atteinid on the part of the ‘rank and file* coming near 
it. *rhe electron also has an itiexidicablc shyness fot* 
the nucleus. No amount of cajoling on the part of 
the physicist has been able to persuade it to enter the 
nucleus. If we wish to convert the nucleus, we must 
send to ft a fundamental particle of its own caste, 
c.^., a proton, which is the nucleus of the lightest 
element hydrogen, or an alpha particle which js the 
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miclcns of the second element helium, or l)etter still, 
a neutron, a new fundamental iiarlicle which has mi 
charKC or the deuteron which is the nucleus of heavy 
hydrogen. The charj^ed particles must be provided 
with enormous eiierj^y, f)lherwise they will lx? luriied 
liack before they can reach within a striking 
distance of the nucleus. This energy is of the order 
of a million volts. 

It need hardly lx added that the energies of all 
chemical and iihy.sical reactions can now be rated in 
terms of the electrical unit of energy. This is the 
electron volt, i.c., the energy of an electron when 
it falls though a ])otential difference of one volt. 
When we excite a copper atom to emit its peacock 
green light, we impart to the outermost electron an 
energy of about .<5 volts. When copper forms a union 
with chlorine atom, a s«)mewhat smaller amount of 
energy is liberated. 

When a medical man uses X-rays from copper, 
he is ]>robably not conscious that he is using very 
high-energy particles. These are the electrons which 
are allowed to fall through a potential difference of 
about ten thousand volts. When such high- 
eiiergy electrons strike a target, i.c., the aiiticatluKle, 
their energy is converted to X-rays, which can pass 
through the human body, and expose to the surgeon’s 
view any foreign matter embedded inside the lH)dy. 
Here the radiologist should be reminded of his 
indebtedness to the physicist. If the latter did not 
bring out a fool-proof hundred thousand volt gene- 
lalor, no X-rays could have been produced. 

But even the energy required to i)roduce X-rays 
is in.signincant compared to that retiuired to produce 


nuclear reactions. We must have a generator 
capable of i»roducing several million volts, and 
should be able to make the po.sitively charged 
IKirticle fall through this huge potential, and thus 
endow it with the energy which will enable it to 
ajiproach the nucleus. Once contact with the 
nucleus is established, we get a new' nucleus — we 
have effected ‘Transmutation of Hlemeiits’. 

This brings you face to face w ith the difficulties 
of the task. A million volt generator will give a 
si)ark of tens of feet, and is most unsafe to work w'ith. 
We must have specially designed rt>oms, and arrange- 
ments to handle it. After ten years of work, a 
number of such apparatus has been produced and 
used for ‘X'ncleiis-busting’ as the .Americans say, 
such is the Van de Graff Generator which is merely 
the old Wimhiirst machine in a new guise. A modi- 
fication of it, the Herb Generator, has Ixen used to 
produce half jiiilliou volt X-rays. The second is the 
Cascade Generator, which w^as used by the late Lord 
Rutherford and his school in their i>ioneer work on 
“Nucleus-busting”. By consensus of opinion, the 
cych>troiv*b an invention of Prof. K. O. Lawrence of 
the University of California, is the most powerflil.of 
such ai)paratus, though others have their ow'ii 
advantages. It can give us alx)ut 25 million volt 
protons. Armed with these particles, we can 
bombard any nucleus, and watch what happens to it. 

To be continued. 


* .All account of the working of the cyclotron was pul>- 
IisIrmI in this ji)urn;il in the issue of January, 1940, 
pp. 403 ~9. 


LOCUSTS AS PAYING PESTS 

Thk cost of fighting the locust pest is tremendous and the damage still done is iiiimetise, but since 
it was found that locust oil — owing to its capacity for remaining Ihiiiid at very low temperatures- is of 
great value for aeroplane engines, a means has suggested itself of transforming an apparently inevitable 
plague into a form of jirofit. I11 Johannesburg some years ago a factory was established for the conver- 
sion *of dead locusts into fertiliser ; and as f(K)d for cattle and ptmllry, consignments of the insects have 
been shipped abroad. 

It is not too far-fetched to picture locusts as coiitrilmting towards the future prosperity of nations, 
especially as investigation has alreatly led to many and interesting discoveries regarding the habits of these 
!»ests. Kor instance, the direction of tlie wind definitely influences tlieir flight, and it has been proved 
tliat once they fly off, they do not return to the scene of their departure. Some, however, always remain 
at the original site— a fact which has facilitated the tracking of various gathering grounds near the Red 
i^ea and in some of the desert regions of India. 

Kggs are laid in the sand, and it is apparently during years of heavy winter rainfall that they 
batch out in vast numbers. For about two ’months they have no wrings -a factt>r taken into consideration 
iu measures for destruction and they feed on ilesert plants until they arc ready to fly. 


— The Statesman. 
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Scattering of Light by Binary Liquid Mixtures 

It Wits first reported liy K. S. Krishnan [Proc. 
Ind, Acad. Sc., i, 311, 1034) that tlie scattered 
!)y some ftiiiary Ii(|uid mixtures, carlxin-disul- 

pbide, methyl alcohol, water-isobiityric acid etc., at 
the respective critical .solution temperatures, the value 
of pu is greater than unity, where pi, is the factor of 
depolarisation of light scattered in the direction 
parallel to the electric vector of the incident plane 
polarised parallel beam of light. Comparing these 
experimental results with those of the theoretical 
investigations on the .scattering of light by large 
particles piit forward previously by Lord Rayleigh 
(Scientific I ape rs, 5, 547), Mie (Ann. de Pliys., J5, 
.S77, lyotS) and vShulejkiii (l^hil. Ma^., 4S, 307, 1924), 
Krishnan drew the conclusion that large clusters of 
molecules are formed in the mixtures at and in the 
neighbourhood of the critical solution temperature. 
The phenomenon mentioned above was called the 
‘Kri.shnan effect^ by Cans (/Viy.s'. Zeit., 37, 917, 
*936), who put forward a theory to explain the 
anomalous values of Pi, by a.ssuniing the formation of 
large clusters of molecules in the mixtures. 
Vrkljan and Kataliiiic (Phys. Zeit., 37, 482, 1936) 
also made some theoretical investigations on the rela- 
tion between values of Pi, and the si/e and shai>c of 
the clusters. Later on, Hans Mueller (Proc. Roy. 
Soc., A, 166, 425, 193S) put forward a new theory 
of light scattering based on the experimental results 
of Krishnan. Recently a paper entitled “On The 
Theory of IJght Scattering” by S. Parthasarathy has 
appeared (Phil. Mag., 2g, 148, 1940) in which the 
author has i)ojnted«out that values of p), greater than 
unity are obtained in some ca.ses if the incident light 
be slightly convergent instead of Ixdng strictly 
parallel. Tie has also shown that the results obtained 
by Krishnan in the case of a few binary liquid 
mixtures can be explained by the ordinary theory of 
scattering of light by pure liquids if the convergence 
of incident light actually obtaining in the experi- 
nrcntal^ arrangements made by Krishnan is taken 
into account. He has thus pointed out that the 
results obtained by Krishnan do not exhibit any new 
phenomenon but they actually show how anomalous 
values of Pb are obtained if the incident light lx* not 


strictly parallel. He has thus shown that Krishuaii’s 
hypothesis that clusters of molecules are formed in 
binary liejuid mixlures at critical solution temi)era- 
lures is not correct. 

S. C. S. 


The R Vitamins and Fat Metabolism 

HkndKr and .Siii)i)lee (J. Am. C'licm. .^oc., 50, 
1178, 1937) saw that rice polishing concentrate had 
a supj>lenienlal elTect uikui body weight. They 
correlated the ucight changes with the inesence and 
absence of dermilitis, interpreting their results to 
mean that the factor in rice polishing concentrate 
affecting growth was vitamin H„. McHenry (./. 
l^liysioL, Sg, 287, 1937) saw that high fat diet free 
from choline and supplemented with thiamine caused 
a great increase in liver fat. In a study of vitamin 
Ilfl deficiency in rats, Halliday (J. Nutrition, tO, 
2*85. 1937) found significantly heavier livers contain- 
ing a higher percentage of total fatty acids in different 
animals. The addition of choline remedied this con- 
dition to a large extent but even massive doses failed 
to bring the liver weight and total fatty acid content 
quite to normal McHenry and (iavin (J. IVwt. 
Chem., 12$, 653, 1938) showed that rice iiolishing 
concentrate used as a dietary .supplement in conjunc- 
tion with thiamine and riboflavin caused an appre- 
ciable increase in the body fats of rats. In order to 
determine which factor of the vitamin B-conipl(}x is 
responsible to influence the weight and lx)dy fat in 
rats Gavin and McHenry (J. Biol. Chem., 132, 41. 
1940) recently made an elaborate study of the fact 
and have shown that (a) when thiamine was the only 
supplement, a Ixxly could .synthcsi.se fat frpm carbo- 
hydrate ; (b) the administration of vitamin Bo bi 
conjunction with thiamine, riboflavin and choline to 
rats fed a fat-free diet caused a slight increase in 
l)ody fat and an increase in body weight ; (c) nicotinic 
acid slighty augments the effect of vitamin B,., 
upon botly fat but not ui)on Ixxly weight. Neither 
vitamin nicotinic acid nor riboflavin couM 

prevent the deposition of fat in the • ^livei 
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which results when thiatninc was adininistcred. 
The amount of liver fat was normal when 
choline was supplemented either alone or 
with any combination of the above facts. Tliey 
could not get any satisfactory ex])lanation of Halli- 
clay’s experiment. Recently Hastings et a! (J. liiol. 
Client., J2g, 295, 1939) noted a decrease in liver 
metabolism associated with fatty infiltration when 
rats were kept on a basal diet without added yeast 
extract. After the administration of yeast 
extract, neither effect was evident. Gybrgy and 
Goldblall (J. Exp, Med. 70, 185, 1939) reported liver 
injury occurring in some rats kept on a diet deficient 
in the vitamin 11-complex and supiileinented with 
lliiainine, riboflavin and purified vitamin H,., prepara- 
tion. 

According to ( ravin and McHenry (loc. cil.) the 
presence of choline which is one of the constituents 
of yeast extracts would explain the ability of yeast 
extract to prevent the devcloiiinent of fatty livers 
and their injury. 

. 1 . C’. M. 


bb 

Neanderthal Man in Italy 

Mr a. C. Buxc discovered in h'ebruary 1939 the 
fossil remains of a Neanderthal skull in the Guattari 
Cave, Monte Circeo, Italy. Particulars al^^mt 
the objects and their discovery are now avail- 
able from a recently published article in Revue 
Scivnlifique contributed by the discoverer himself. 
The fossil skull was found on the bed of a chamber 
which is reached after i>assing through two other 
communicating chamlK*rs. It lay on the ground 
surroumled by a ring of stones. There are evidences 
which point out that this chaml)er was subjected to 
a prolonged flood. Marks on the skull also show 
that it rcmaiiietl half-submerged for a long time. 
“The disposition of the skull and the evidently in- 
tentional enlargement of the foramen, which has been 
completely destroyed, point to funerary and magical 
rites, possibly a ritual feast. This would account for 
the absence of skeletal bones”. Monte Circeo skull 
is idaced later in dale than the Sacchopastore skull. 
The cave presumably remained undisturbed from 
Wiirm II, when it was closed by rockfalls, till its 
opening by Mr Blanc. 

T..C. 


LOW-TEMPERATURE DRYING OF FOODSTUFFS. 

• 

Kaimi) freezing, with subsc(iuent storage at low temperatures, is probably the most effective way of pre- 
serving the desirable properties of f(M)d.stiiffs. If, however, the moisture present in the frozen foodstuffs in 
die form of ice is removed by eva])oration in a high vacuum, the desiccated products can be* transported 
■iiid stored without the need for refrigeration, and there is in addition a large saving of weight.* In view 
"f these i^ssibilities, a small-scale plant, de.signed to dry foodstuffs at low temperatures, has been in opera- 
li<m at the I-#ow Temperature Research Station during the pa.st year on behalf of the h'ooil Investigation 
hoard of the Department of Scientific and Industrial Research. Many different foods have been dried such 
as fruit, vegetables, fruit-juices, meat, eggs, butter and milk, and it is now clear that the prodpets obtained 
are in general superior to those obtained by othermethods of drying. 


— The Chemical Age 
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Essays in Polynesian Ethnology — by Uohijrt W. 

WiM.iAMSoN, ^r.Sc. Ktlitcd by Rxi.i'ir Piddin';- 

T(j\, M.A., Ph.D. Published by the Cainhiid^'e 

University Press, London, 1039. • d7J- 

I*ricc 55.S'. net. 

Tlie name of Williamson is well known in the 
field of Polynesian ethnoloj^y. Before his death he 
collected a large niinil)er of notes bearing on differ- 
ent topics of Polynesian culture. The first part of 
the book under review is derived from these post- 
humous manusiTipts. The five chapters of this i>art 
deal * with * warfare in Central Polynesia, Kava in 
Samoa, Tonga and other Polynesian islamls ; the 
society, known as Arioi ; and sex, courtship and 
infanticide in Polynesian society. The materials for 
these chapters were not derived from personal field- 
work but were collected from the vast literature deal- 
ing with Polynesia. Williamson does not seem to 
have exaininefl the reliability of the statements of his 
authorities, which is necessary when one draws his 
materials indiscriminately from the writings of 
travellers, sailors, merchants, missionaries and scien- 
tific investigators. In spite of this defect, these 
accounts will be of real help to the future workers 
as they would find all possible informilion on the 
interesting topics collected in a nutshell. It is re- 
freshing however to note that Williamson did not 
base any conclusion on these data but Inal merely 
narrated the facts as they had been recfuded by his 
authorities. , 

Primitive warfare is rarely dealt with in anthro- 
pological liteAiture. Kuropeaii domination over the 
coloured races, roughly for the last two' centuries, has 
[iractically driven out of tribal life all relics of fight- 
ing, save and except family (jiiarrels and village fac- 
tion fights. Thus the trained anthropologist of to- 
day does not find any opportunity to study this in- 
stitution under direct observation. He has to de])end 
oil the accounts left by his predecessors in the field 
the travellers, merchants, soldiers and others of the 
kind. The chapter on warfare in Central Polynesia 
has the additional advantage of a number of tradi- 
tional accounts which have presl*rved the details of 


this native institution for the area under considera- 
tion. Kava is the “infusion of the roots of the plant 
l^ifyer inelhysticum*’ which was the most important 
beverage of Central Polynesia especially of Samoa 
and 'Ponga. It was not a mere ‘drink’ but had been 
the centre of a complicated series of social and 
magico-religious ceremonials. Tt may be compared 
with the Soma of the \'edic Indians and the tea of 
the ancieiil Chinese and Japanese [People. Kava is 
spoken of as the source ()f magico-religious inspira- 
tion to priests and preparers of this divine drink. 
The account of the Arioi places before us William- 
son’s views upon the “po.ssible historical connection 
of this institution with the secret societies of Mela- 
nesia”. The discourse on .sex, courtship and infanti- 
cide introduces, us, among others, to the data relat- 
ing to the “allegations of gross immorality of Poly- 
nesian women in their relations with vi.siting 
travellers”. The customs of lending women an i 
of the Tayo should not be studied out of their con- 
text. They were integrated with the .socio-religious 
comi)lex of ideas which dominated the life of the 
Polynesians and their ethical vaiue cannot be judged 
with coloured eyes. This brings us to the end of 
the first part of the book. 

The second i)art of this treatise has been written 
entirely by Dr Piddingtoii. It consists of foui 
chapters and an appendix which deal with the fachas 
of stability and change in Polynesian culture, 
theories relating to the origin of Polynesian culture, 
relations between Polynesia and Melanesia, considera- 
tions alKHit the past and present in Polynesia, and 
Assam j)arallels. These chapters do not merely aim 
at delineating certain Polynesian conditions but is 
“ctiiicerned with certain recent theories of Polynesian 
oiigins and these have a bearing on the controversy 
between the historical and functional * sclKxds.” 
Anthroixdogisls are now divided between the two 
schools - functional and historical, in place of the 
former evolutifjnist and diffusion ist camps. The 
functionalists are accused of lacking in historic seiisi 
but Dr Tiddington claims that they have too much 
of it and that is why they do not postulate past 
events on inadetjuate evidence. They do uoj. hunt 
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for ‘origins’ Vmt arc iiitcreslcd in ohscrving the social 
iiistilntions in action. Of course, this docs not mean 
that their study is an artificial cros.s-scction of social 
life cut off from the main stream at a particular point 
of time just like a moving picture temporarily immo- 
hili/.ed. They pay due considerations to both the 
past and the present and even do not hesitate to 
throw out suggestions for tile future. Thus, accord- 
ing to our author, “differentia] emi)hasis is the real 
issue between the historical and functional methods.’’ 

In order to illustrate the superiority of the 
functional method over the historical one he turns 
his attention to a consideration of the historical 
ethnology of Polynesia and evaluates the attainments 
of the historical school in this particular held. 
“'Phroughout the Polynesian area we find a general 
cultural homogeneity, of language, religion, techno- 
logy, and social organization, combined with certain 
hlriking differences between the various island 
groups.’’ The atteinjits to explain these stfihinj^ 
(inferences have in most cases led to the assumption 
“that there was an original archaic Polynesian 
culture, |K)ssessing certain features which may be 
seen surviving, though iierhajis in a iiuKlihed form, 
ill the existing cultures of P(;lynesia ; that by a 
jirncess or iirocesscs of migration from outside Poly- 
nesia a new culture was superimposed upon this older 
one ; and that features belonging to this more recent 
cultural influence may also be detected in Polynesia 
today, side by side with the co-existing archaic 
elements.’’ Again.st this ‘two-strata’ theory different- 
ly named as Pre-Tangaroan and Tangaroan by 
Williamson, I ndo- Polynesian and Tangaloa-Polviie- 
sian by Handy and Palae-Polynesian and Neo-Poly- 
iiesian by vStimson, Dr Piddington suggests an alter- 
native ‘one-stratum’ hypothesis. He assumes that 
“there was only one migration to Polynesia ; that 
the migrants landed on one of the islands, increased 
their population, some of them subseiiueiitly migrat- 
ing to other areas until the whole of Polynesia was 
populated ; and that this was followed by a perio<l 
of intermittent, occasional and unsystematic migra- 
tioy and cultural interchange between the various 
islands.” He claims that there is absolutely no 
necessity to bring in a second cultural inllux from 
outside Polynesia in order to explain the striking 
itijfcrcnces in the cultural traits already referred to. 
He is of opinion that Polynesian culture i)ossesses 
both factors of stability and factors of change which 
are sufficient to account for the existence of these 
two types of cultural traits namely the so-called 
archaic and the intrusive ones. By an analysis of the 
social organization, religion and a particular trait- 
complex of material culture (Maori clothing) he 
shows that the archaic traits may reasonably develop 
into the so-called intrusive ones owing to the dyna- 
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mic forces inherent in Polynesian culture. Tlie 
syiioi)tic tables very clearly show the forces held res- 
ponsible by Dr Piddington for this change. 

In the a])pendix, which is especially interesting 
lo the students of Indian anthroi>ulogy. Dr Pidding- 
ton expo.ses the weakness of Pnjf. Hullon’s conclu- 
si(m about the existence in the past <*f a cultural 
connection between As.sam .and Oceania founded on 
the similarity of certain cultural traits of Assam on 
the one hand and Fiji, the Manpiesas and Mada- 
gascar on the other. Prof. Hutton attributes this 
similarity ultimately to diffusion from a common 
Indonesian culture which stretched its influence 
towards the east and west of Oceania and towards 
tile north to Assam. While attributing similarities 
of traits within this region to historic connection, 
Pi of. Hutton does not take into consideration the 
possibility of independent development nor does he 
try to explain the occurrence of parallel traits beyond 
this region, which cannot be exi)lained on the basis 
t)f historic connection. To bring out more clearly 
the inherent impossibility of the situation. Dr 
Piddington mentions a number of parallel traits 
oi*curring in the Society Islands and •amonl^- the 
Ashanti and also refers to parallels between Assam 
on one hand .and Africa and America on the other, 
h'videiitly no explanation on the basis of historic 
connection is possible in these cases. Dr Piddington, 
however, does not categorically deny the possibility 
of historic connections under the circumstances but 
he draws our attention to the inadequacy of the 
jn'oofs. In assessing the methodological apjiroach 
of Prof. Hutton, Dr Piddington states that “the type 
of interpretation which has been criticised, even if 
correct, would reveal nothing which is relevant to 
modern scientific anthropology. On the contrary, the 
procedure adopted imi)lies a negation of its basic 
ininciples ; to disniendier in a haphazard way an 
integratetl human culture ; to lumi) together dis- 
parate :md unrelated cultural fragments . . . . ; to 
tear elements of culture out of the context which 
alone makes them intelligible ; to postulate migra- 
tions or processes of diffusion about which we shall 
never know anything signiffcant, . • all such pro- 

cedures are not only irrelevanf, but directly anti- 
thetical, to the method of aiqnoach, which has re- 
volutionized the .study of primitive culture.” These 
are .strong strictures which invite immediate refuta- 
tion and we shall wait with interest for a reply. 

We congratulate Dr Piddington for his ’clear ex- 
position of the aims and methods of the functional 
school together with its view on the part' which history 
.should play in anthropological studies. 

• T. C. D. 
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Where Theosophy and Science Meet, Parts 111 & 
IV’ — Hdilcd by D. D. Kancia, I.K.S. (Retd.). 
Published by llie Adyar Library Association, 
Adyar, ^ladras. /’/>. Part III 260 & Pari IV 
22^^ aith indiwcs. Price Rs. 2/./ each. 

The a]H)ve i>nblications fully maintain the 
excellence of the first two parts of the series. The 
monographs are very lucidly written and are as 
iiiterestin.e as those in the first two parts. The 
efforts made by the editor to establish the main pro- 
])osition, viz., that theosophy and science have met, 
by the collective publication of these monographs on 
(lifTcreiit branches of human knowledge, are really 
praiseworthy. A di.stinct and valuable service has 
been rendered by him for the cause of theosophy, 
as a perusal of these four volumes will give a good 
idea to the layman as to the real jmrpose and object 
of theosophical research. It is well known that a 
good deal of misconception exists in the minds of 
the non-thcosophical section of the public about tlie 
doctrines of theosophy, which, according to many, 
mainly deal with spirits and ghosts and their doings. 
All such people will derive immense lx;nelit by the 
perusal of ’ the monogni])hs contained in these 
volumes. Though the methods of clairvoyance 
have not yet been reduced to the same common 
denominator as the ordinary scientific methods of 
research, the greater the publicity given to the 
results of theosophical research, the greater will be 


the understanding by all concerned, of the true 
significance of the theosophical method. 

As to the different moiiogra])hs contained in 
these two volumes, those on astrology, mystery of 
magnetic variation and mythology will be found to 
be particularly attractive. Students of science are 
invited to read them. They arc sure to derive 
profit and pleasure by their perusal, though it is 
quite po.ssibIe that the conclusions sought to l)e 
derived, may not be accepted in all cases. The 
symbolical interpretation of mythological stories is 
certainly fascinating. Such interpretations have also 
been given of the Indian Puranas by scholars and 
others, and the Puranas have actually been consi- 
dered to be social and national histories of the 
ancient times expressed in .symbolical forms, their 
contents being sui)posed to be intelligible as soon as 
the key for their interpretation is discovered. This 
view of the matter has, however, yet to be readily 
accepted . 

be that as it may, the reviewer has nothing but 
admiration for the great pains taken by ^Ir Kanga, 
the editor, in comi)iling these volumes. He deserves 
the greatest praise for the excellence of these 
l)ublications. It is hoped that his laudable endea- 
vour will be fully appreciated by the enlightened 
and educated public for whose l)cncfit these books 
have been specially pul dished. 

n. P. P. 


NITRATE INCREASE FOLLOWING SHORT FALLOW 

* • 

Prelim L\\RV results of an experiment at Woollongbar nx])eriment Farm have shown that, follow- 
ing a short fallow, the nitrate nitrogen content of the soil is considerably increased. The experiment 
in question* was initiated to investigate changes in the amount of the various forms of nitrogen in *‘Hig 
Scrub” soils brought about by various cultural i)ractices, including green-manuring. 

Half of the experimental plots were fallowed for about two months, the other half remaining under 
pasture. ' Analysis at the end of the above period showed that the plots under pasture contained an average 
of /|•5 parts i>er million of nitrate nitrogen, whilst the fallowed plots averaged 60 parts per million. 

• The effect of this greatly increased supply of readily available nitrogen on the establishment of sown 
pastures is l)eing investigated. • 


-The Agricultural Gazette of New South Wales, 
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The Distribution of the Root-Mean-Square of the 
Second type of the Multiple Correlation 
Co-efficient 


for the iiuiltiplc correlation of the first variate with 
tile (p - i) others. Tliis we call the second tyi)e of 
‘R’ distrilnition. 


The sainpliiij^ distrilmtioii of R the multiple 
Kirielation coefficient of the one variate with (p-i) 
tilhcr variates was worked out hy Professor Fisher 
111 Ki’S under two different sets of conditions leading*- 
to different forms of distribution function. The first 
<et «)f conditions consisted in the assumption that 
tile hunch of readin.t’s in a sample for each of the 
Ip - I) variates remained constant from sample to 
MHiipIe, hut only the hunch of readin.es for the first 
variate (whose multiple correlation with the (p-i) 
-ilher variates comes into the picture) changed from 
''iiiiple to sami»le ; there were also cerliiin additional 
well-known assumptions which arc common to the 
Usual theory of linear re.^ression. The resultin.i» dis- 
tribution of ‘R* is also well known and was 
quoted by us in a recent issue of vSciKNCR \Nii 
Cri/ruKK*. This we shall call the first type 
of ‘R’ distribution. We found and aiiuounced 
ill this Journal in the issue just mentioned that the 
rout-nieaii-square of R is distributed (under the first 
ty]K* of conditions just referred to) in the same general 
niaiiiier (with only cliaiige of parameters) as ‘R’ itself. 
Tlial is, the type of the distribution is conserved 
when we proceed to the mean. The .second set of 
L'liiditions consLsted in the assumption that the 
\aiiates constituted a multivariate normal population 
^iiul that the bunch of readings for the (p-i) other 
\Juiates as also for the first variate changed from 
^uiiple to saniide. Under such as.suiiiptions it was 
loiincl hy Profe.ssor Fisher in iQ2tS that ‘R’ is distri- 
hiiled ill the form 

• n-p - 2 

Const. HP"*(i-R*) * (1 R. 

'’2 '• 

’‘here p is of course the numbers of characters, n is 
bie size of the sample and is the population value 


Considering 111 such random samples each of size 
11 from a multivariate normal population and denoting 
the root-mean square of the different ‘R’s of the 
dinereiil saiiijiles hy R, we have recently found that 
R is distributed in tlie form 

lu(n -p)-. I 

Const R “ 0 ” I _ j^j) 2 


i) mfp ~ 2 )+ i 


/^*R*|d R 


Coiiijiarisoii of (i) and (j) shows that the root-mean- 
square of ‘R* under the second type of conditions is 
distributed in the same general manner (with change 
of parameters) as ‘R* itself. The property that the 
type of the distribution is conserved when we proceed 
to the mean holds therefore for Ixith the tw’o different 
types of ‘R’ distrilmtioii. 

Statistical Uahoratory, vS. N. Roy 

Presidency College, Purnendu Rose 

Calcutta, 6-6-1940. 

* S. X. Rov and rurnendn Bose, ScihNCJi .\xn CrUCRi:, 
5 , 714 , 1940 . 


4-Co-ordinated Aryl Diazo-amino Mercunc Salto 

That mercury could possess an unusual co- 
ordination valency of four was shown in a series of 
heiizidine-pipevidinc mercuric compounds which 
included the coinjilex halidesV A nunijx'r of 4-co- 
ordinated mercuric salts heloiiging to a different 
series have been prepared. These very interesting 
compounds contain diazo groups in the complex and 
are obtained by precipitating solutions of mercuric 
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salts with (liazo-ainiiiol)c*nzc*iic (iii.p. qS°) dissolv'cd 
in alcolinl. Tliey may he represented Iw the K^'iieral 
forniiila, 


C.H.X-X 

X -XC..H, 

: 

1 

C,H,X1I 

1 

IIXC,.H, 


\ 





X. 

/ 

\ 


CJI.XIl" 

IIXC,.II. 


1 

C,H,X- X 

1 

X-:XC,H. 



(X-Cl. Hr. XO, and CH,CO.) 

The diazo^miino niercnric compounds are lirt- 
lliaiit yellow in colour ami dilTer from one another 


only in shades. They are remarkably stable in air, 
li.iiht having no action on them. All of them are 
insoluble in water but dissolve readily in chloroform. 
They melt with decomposition, the chloride melting 
at 22o°C. That mercury can attain a maximum co- 
ordination valency of four even in the complex 
halides is, therefore, further proved liy the prepara- 
tion of this new series of organo-mercuric com- 
]>onnds. 


Chemistry Laboratory, 

Presidency College, Kauai Lai Mandal 

Calcutta, 5-6-i()jo. 


' ICanai Lai IMamlal, Si ihNCi-; and Cri/iCRi-, 5, 710, 1940. 
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Drug Control in India 


with the pr<).m*uss of sciuiitific civilisation, 
tile art of medical treatment which has heen 
liractised empirically during all the a.yes has steadily 
])ursl the hounds of cinpiricism and has larj.>ely 
developed into a science. Today the scientific 
system of medicine is ])revalent in a great part of the 
world, though in the le.ss progressive countries the 
age-old regional systems are still popular with large 
sections of the peojilc. In India, the Ayurvedic and 
t'nani systems have considerable allegiance and have 
fre<ineiitly demanded recognition as scientific systems. 
Hut there cannot oliviously he two different scientific 
s\stems and the best cour.se would he to accept the 
W’estern scieiitilic system as the core and enrich it 
ivith such knowledge from Ayurvedic and Unani 
sources as can stand .strict scientific tests, Ihiblic 
opinion in this country (loes not Mp])car to he alive to 
the need of the control of Ayurvedic and Unani 
drugs, the cN)mi)ositioii of many of which is kc]>l a 
secret. Very often these drugs are prepared by the 
prescribing medical men themselves and not by 
Specialised manufacturers. Hut one good consequence 
of the development of medicine on scientific lines in 
Western countries has l>een that medical practitioners 
have specialised in the direction of diagnosis and 
trcalineiit, while the preparation of drugs, which 
is exceedingly complex, has heen taken up by 
uiaiiufactiirers cnqdoying highly trained scientific 
personnel. I'his division of labour has resulted in 
great progress and phenomenal advances have been 
made during recent years by co-operation between 
medical men and trained scientists, specialising in 


the jueparation of drugs. At the same time in 
almost all civilised countries the Slate has fouiul it 
necessary to control drug manufacture and dntg 
trade and prevent the traHic in adiilleiated, mider- 
streiigth and misbramleil products in the intercst.s 
of I)oth the cj)nsiimer and the lamest producer. 

fn India drug jirodiiction and drug trade are 
still uncontTolIcd. That for long years both tin* 
honest producers and tlie consuming public have 
siifTured from this absence of c«mlrul has been evident 
even to tlie casual observer. The extent f)f tlie 
harm done was crystal I i.sc«l in tlic I\ep(»rt of the 
Drug b'nquiry Committee i)resided over by Ht.-Col. 

R. X. Chopra, which was snbmitlccl in After 

many years’ <lelay the ('lovernnient of India have 
now passed a Drugs Act, which can definitely 
improve the present pf)silion provided it is properly 
implemented on right lines. 'I'his warning is 
necessary. In this country many good schemes fail 
and even render more harm than good because they 
are wrongly (q)eratcd or opefated . with wrong 
personnel. 

Tlu- Drugs Act of io/|o is inteiule<l U) regulate 
the import, manufacture, distribution and side of 
drugs and it will have obviously far-reaching 
inlluciice on every aspect of the <lrug industry and 
drug consumption in this coiinlrv. It i)rovidcs for 
the formatiim of a Central Drugs Technical Advisory 
Hoanl and of a Drugs Consultative Committee 
representing the dilTereiit ]>rovincial governments. 
Hoth provisions are* .sound. The first is essential for 
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framing uniform rules and standards, which rec(uire 
considerable expert technical knowledge, and for 
settinc: up the riK:ht kind of organisation for testing 
and analysing drills and for all technical aspects of 
dniff control. The second is necessary for the 
enforcement of the Drills Act in the difTerent pro- 
vinces in a uniform manner. After the Central 
Druj^s Technical Advisory Board and the Dnii^s 
Consultative Committee have met and framed their 
recommendations with due care, it will presumably 
be the duty of the provincial .governments to set up 
provincial Advisory Boards for brinj^ini:^ into exis- 
tence the provincial testin.e laboratories and keep 
control of the provincial drti.e trade ,<?enerally. The 
whole machinery of dru.c: control in this country will 
therefore depend on the formulation of correct lines 
by the Central Drugs Technical Advisory Board and 
by the Drugs Consultative Committee and on the 
organisation of the Central Dni.g Control Laboratory 
on rifihi lines and 7S'ith f^roper personnel. Tt is 
obvious that the discharge of such a grave rcsT>onsi- 
bility retjuires very careful deliberation and adequate 
consideration of the measures adopted in other 
advanced countries for drug control. 

The drug control organisation of the United 
States of America appears ]iarticnlarly suitable for 
careful consideration, because that country offers a 
good parallel to this country in several respects. 
India is populous and divided into provinces requir- 
ing inter-provincial regulations like the intcr-State 
regulatons in America. There is a uniformity in the 
enforcement of the different drugs, food, insecticide 
Acts, etc., in the TTnitc<l States, as the inspection 
and control are consolidated in one organisation 
called the Food, Dru.g and Insecticide Administra- 
tion. This uniformity is relatively lacking in Great 
Britain, where, as the vSecretary of the Pharmaceuti- 
cal Society of Great Britain points out, the trade of 
chemists and tdruggists is affected by many statiitcs, 
for the enforcement of which difTerent authorities 
arc responsible: Tt is desirable that in taking con- 
crete steps for drug control in India, we should aim 
at the uniformity that happily exists in America. 

The organisation of the Foo<l, Dru.g and Insecti- 
cide Administration of the United States is well 
worth 'detailed studv. Tt can indeed serve as a 
.general model to India, though it naturally will have 
to* be ajlaptc'd to local conditions. The Food, Drug 
and Insecticide Administration is responsible for the 
enforcement of several Acts concerning food and 
drugs, tea, naval stores, insecticides and fungicides. 


milk and caustic poisons. The Administration is 
divided into three branches : (i) Executive Super- 
vision, («) Technical Control and (Hi) Field Service. 
There is a chief of the entire Administration who 
exercises supervision and control over all these 
branches and thus complete co-ordination is effected. 
The Executive vSupervision Branch is responsible for 
administrative activities and has the following 
offices : (a) Office of Business and Informational 

Supervision, (h) Office of Insecticide Act and Caustic 
Poison Act vSupervision, (c) Office of Import Supervi- 
sion, (d) Office of vState and City Co-operation, (e) 
Office of inter-State vSupervision. The Technical 
Control Branch is responsible for regulatory activities 
and has .got the following divisions : (a) Food Con- 
trol, (b) Drug Control, (f) Insecticide, Fungicide 
and Caustic Poison Control, (d) Tea Control, (p) 
Naval Stores Control, (/) vSpecial Collaborative 
Invest i.eation. The Ib’cld vServicc Branch consists of 
the Food and Drug Inspection vStations, which arc 
distributed over three Districts, called Eastern, 
Central and Western, each of which comprises 
several vStates in that particular geographical zone. 

There is one feature of the alx)ve Administration 
to which attention may be drawn. Except where 
business, informational or purely administrative work 
is necessary, all the heads of the branches and of the 
sulxlivisions under the branches are chemists and 
also the majority of officers under the Administration 
arc chemists. Although medical men were the first to 
introduce the world to drugs, the hi.ghly technical 
nature of dru.g manufacture h.as so developed that in 
all pro.gressive countries technical posts concerning 
drugs are not held by medical men qua medical men 
but by trained chemists and pharmacists, who may 
or may not have medical (jualification in addition to 
their technical qualification. In this country this 
aspect of the question requires to be emphasised as 
the association of ideas between medical men as 
such and the manufacture and control of drugs, still 
persists. In this connection it may further be 
pointed out that in India there is still a confUvSion 
between the terms pharmacy and pharmacology, 
which is having its repercussion on the problem of 
drug control organisation. While pharmacy includes 
a certain amount of pharmacology (which relates to 
the biological action and assay of drugs), it mainly 
consists of pharmaceutical chemistry (which refers 
to the chemistry of the preparation and assay of 
drugs) along with pharmaco.gnosy (or the identifica- 
tion of drugs and drug sources). In fact, the major 
jwtion of the preparation and assay of the drugs 
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mentioned in the official pluirinacopocia of all 
countries is entirely chemical in nature. A pharma- 
cologist is thus not necessarily a pliaiinacist, 
although a pharmacist should know something of 
l)harmacology or the methods of biological assay. 
It is therefore not strange that l)oth in the Technical 
Control Branch and in the Field Service Branch of 
the Food, Drug and Insecticide Administration of 
U.S.A. the chief as well as the superior i>osts and 
also the larger number of posts are held by trained 
chemists and not by pharmacologists as such. 

The question of the type of (lualification 
necessary for efficient drug contr<.)l work is excee- 
dingly important, as the success or otherwise f)f the 
Central Drug Control Laboratory to lx; set up by 
the Government of India will obviously depend in 
the main on the appointment of the right type of 
personnel particularly in the chief and superior posts. 


This personnel should possess exactly the right kind 
of technical (lualilication in order to inspire confi- 
dence in the minds of lx)lh the drug manufacturers, 
[larticularly the indigenous manufacturers, and of 
the consuming public. 

We would congratulate the Government on their 
having taken up seriously the work of drug control. 
It is also good to have been assured by the (lovern- 
ineni that a Pharmacy Act which should really run 
fyari passu with the Drugs Act is shortly going to be 
taken in hand. Without these two Acts working 
together it is not possible to have the best results 
from the i>resenl endeavours. And we trust that in 
formulating concrete steps for drug control in near 
future the Central Technical Drugs Advi.sory Com- 
mittee and the Drugs Consultative Committee .set up 
by the Central Government will lake into considera- 
tion the observations set forth in this article. 


THE TRUE MISSION OF THE RACE. 

0 - 

Thurk is still a duty to keep the torch of pure science lit, and this duty is only the greater under 
stress. All the long struggle of a harsh evolution, the pitting of si)ecies against the environment, has pro- 
duced a Ixiing wdiose primary distinction is conscious cerebration, and whose crowning attribute is his 
intellectual curiosity concerning his comi)lex environment and a thirst for knowledge tran.scending the mere 
struggle for existence. If there is no abiding value in a Beethoven synq)hony, or a theory of the cosmos, or 
the tracing of an ancient culture, then the Carnegie Institution of W'ashington has scant reason for 
exi.stence. If it is really good that man should look at the stars anti should contemplate his great destiny, 
then it is imperative that in those regions which enjoy the ble.ssings of peace the search for the eternal 
verities should continue. 

The dual character of science influences much of our outlook. We look at the starts, and we 
build yet greater machines to aid our vision, for two reasons. The stars are a laboratory, wherein are 
|)re.^sures and temperatures far beyond those we can artificially i)roduce ; which we can merely .olxserve 
and not manii)ulate. Nevertheless, through thus observing we have already learned many^ things wdiicli 
have advanced the science of physics and in turn its applications. All this is to be welcomed, yet 
it should not completely dominate our thought. We also look at the stars for the sjime reasoirthat inspired, 
the shepherd on the ancient hill, l)ccause wx are Ixjuiid to think of greater things than the comforts or 
dangers df the morrow, perhaps because thus to imiuire and to speculate is the true mission of the race. 

-Report of the President of the Carnegie Insiitulion of IVashingion, iq3q. 
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JX AiiK'iica acaik'iiiio activity in Iiulic studies has 
l)Lvn liiiiiled lo a few universities, and this more 
towanl lin.Ljiiisiir rcseareli tlian toward effectiv'e i>re- 
sciilalion nf the luoad seoj)e of Indie eullnre to the 
student workl. Anierieau institutions can be luoiid, 
ii(MveVer, of this aeadeinic research. The names and 
work of Wan ell, Whitney, Hopkins, Bloomfield, and 
Laninan* form a Liloiions chapter in the history of 
Indie studies. 

However, India in the tlrst halt ot this century 
has become headline news, not as a land of va^ue 
philok-opliies ami al).stnise tonjiUes, but as a develop- 
iii.y nation witli a live culture. We in iVnierica hav'e 
seen the Heed of a wider aiJtjroach to Indie studies 
in educLitioiial work, without, of course, relaxing one 
bit tile intense research in Indians past, for there 
lie the deeiJ louts uf her culture. And many of these 
roots ha\e not yet been traced lo their tips. 

The bilirary of Congress in Washington has long 
deinoiist rated under the vigorous leadership of its 
former Jaiirarian, Dr Herbert Putnam, its vitality as 
a national centre for the orgaiii/.ation and use ol 
researcli and educational material in various lields, 
and notably in the bar JCastern held. Without com- 
mitting itself to a definite prograniiiie the Ubrary 
readily lent its assistance with private financial 
support to the survey of existing materials in 
American institutiuns for the pursuit of the study of 
Indian culture*, hirst, printed books were com]»lelely 
listed Wherever they existed in America, then 
manuscripts, and Ihially all iimseiiin resources aiul 
the use has been made of lhe.se materials in the ciirri- 
culums of colleges and univer.sities. It at once 
became afiparent that the Library slnmld become the 
centre for the exploitation of this material by making 
it.s use available to government officials, to scholars, 
to journalists, and to the public at large. With the 
financial assistance of the Carnegie Corporation of 
New York I he development of Indie studies at the 
Library was begun two years ago. vStudents today 
are being prepared for life in tile latter half of this 


century when the Orient will be far more important 
lo them than it has been to us. The survey of college 
iii.striiction wliich has been menti(me<l made it 
apparent that there has been a neglect in American 
universities of the study of the iMiddle Orient — its 
history, religion and philosophy, its science, its war- 
fare and its |>eacefnl arts which have so influenced 
our civili/alion that scarcely a college subject is un- 
touched by it. We are asking whether we can afford 
to neglect in our educational scheme an area which 
numbers well over a hfth of the human race with a 
culture older even than the higyptiaii. 

'riiere are at present seven large universities in 
America olleriug comi>etent linguistic training in the 
Indie field. A few others offer something on the 
art, history, sociology, and philosophy. We feel that 
perhai>s a half-dozen universities in addition must 
be encouraged to add courses in the languages of 
India. But by far the most imt>ortant project will 
be that of interesting colleges and universitie> 
throughout the breadth of the land to include in their 
philosot)hy, economics, sociology", history, and fine 
arts dei)artments an adetiuate treatment of the Middle 
Last. The case has been admirably stated by my 
colleague, W. Xorman Brown, as follows in his 
article on “India and Humanistic vStudies in 
America” ; “Here in the West we still largely con- 
fine onr humanistic studies to our own civilization. 
W’e are concerned with its roots- primitive, pre- 
historic, ami historic its evolution into its modern 
state, and the interrelationships of its sul'Klivisiotis 
(British, American, French, Gcnnan, Italian, 
Russian, etc.). Where the Luropean-Cliristiaii 
culture lias clashed willi the Fnr hkistern, the Indie, 
or the Islamic, we have generally viewed the clash 
from the point of view of our own narrower pre- 
possessions, with little, if any, comi)rehension of the 
reason why the Chinese, the Indians, or the Moslems 
of .\rabia or elsewhere have acted as they have, and 
without jaking a wider world-view, of the meaning 
of these clashes. We have satisfied ourselves with 
inspecting a single side of the medal, and have 
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assumed that we iieL*d not know the other ; our 
history has only one dimension. To state tlie mailer 
so oven with allowance for some dei;ree of overstate- 
ment is to reveal its fallacy. 

*Tt is a fortunate si^n that agencies in this 
country which have at heart the promotion of know- 
ledge for the good of all have in recent years lx*eii 
steadily increasing the amount of their alleiitioii to 
I'ar liasteru civili/.atiou, our cultural neighbour 
across the Pacific, with which we have close aiitl 
dynamic contact. More attention than at iireseiit 
should also be given to Islamic culture and the 
peoldes living by it today, in the Near Kast, and else- 
where in Asia and Africa. 

“If trade were to be the extent of Western con- 
tact with India, we might not see in it alone a 
sullicieiit basis lor studying her culture, but so narrow 
a \ievv of our [uosiiective relations with that country 
is unwarranted, as it is also in the case of the Far 
Fast. India’s highly organized and relatively homo- 
geneous civilization is bound to come in ever closer 
touch with our own ; for as intercourse between 
remote parts of tile world bennies increasingly easy, 
India’s relative intellectual isolation must decrease 
along with her relative economic isolation. Her 
aclueveiiieiits ill the art of living are at our disposil, 
as ours are at hers ; her ijrobleiiis loo will become 
mirs as those of Iturope and the Far Ivast have been 
laought into our life. We shall need to reconcile 
our civilization and hers, to the change of both. 
For she can contribute to us, as we are now contribut- 
ing to her.’’ 

The inevitable point of departure for the servic- 
ing of such a ijrogramnie at the library of Congress 
was the establishing of firm contacts with Indian 
scholars, culture groups and institutioiis, and with 
the sources of materials for study and research. Of 
course, we cannot hope to succeed in our work in 
Aini?rica without the active and w' hole-hearted support 
of India. In eight months time I have received 
the needed eiicourageiiieiit from India. The material 
.icconiplishments so necessary for implementation of 
the work have been immense. i\iid what is probably 
most important, the contacts made will become in- 
creasingly firm to the advantage of both the 
Americans and the Indians, at least in the cultural 
field. 

From a recent report of the lyibrary ofXongress 
I quote : The universities and colleges of India are 
growing in size, numbers, and enterprise. They are 


becoming increasingly important as luiblicalion 
centres. They display a marked tendency to supple- 
ment curricuhims based largelv on Western patlenis 
with a Hew and rigorous study of Indian culture 
and achievements. It is evident therefore that these 
inslitiiliuns are .strategic jioiiils of contact between 
India and the IJhrary. A uumher of contacts have 
been enjoyed in the past with some of the older 
universities. These will conliiuu* on an iiieivased 
scale, and where fiesli groinul has l)L-eii lirokeii, real 
co-operation will materialize in the exchange of publi- 
cations and the mutual use of resources to whatever 
extent po.ssilile. 

The iiiiiseums of India have for the most pari 
suffered from a lack of funds. However, the 
Archaeological Department of the (Government of 
India has been most generous in the disposition of 
aiiticiuariaii malerial. Further, many curator.s, in sinte 
of the limited resources at their disposal, have by 
their iiulividiial industry frequently accomplished re- 
markahle results. The already existing bonds 
between tlie bibrarv' of Congress and a ,few evf the 
large museums have been streiigtlieiied, while addi- 
tional instilulious have ex]>rcssed their willingness to 
co-operate with Indie studies at the Dibrary.’ 

Tile list of cultural organizations in India is 
legion. Many have enjoyed long years of fruitful 
.Service in research and publication. From these* 
there has been universal e.xpre.ssioii of appreciation 
that there is now at tlie Library of Congress an 
American centre for Indie .studies to which they can 
coiumimicate information on their work, and in re- 
turn be iiosted on the acti\’ities j)f American scholars 
ami educators in the Indie field. 

lixchaiige of imhlicalion has been arranged with 
the various libraries of India. Most of the libraries 
owning valuable maiiuscrii)l collections have been 
enlisted in a plan to he described lalt^' under a dis- 
cussion of iiiiero-tihiiiiig, which will afford Aiiiericaii 
and Indian st'liolars considerably v'iisior access to these* 
valuable re.search sources than they have had in the 
jiast. It may be noted that the Bengal Library. 
Association, tlie .Madras Lil)rary Association, and the 
Indian Library Association arc doing excellent work 
ill jjtaiidardiziiig and organizing library iiiethoils and 
expansion. 

All of the im|K)itaiit publishing firms and I>ook- 
dcalers have been visited or contacted. Their lists 
will now he sent regularly to the Library. In addi- 
tion much bibliographical data on past publications 
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have been collected. As a result, the library should 
I)e ill a unique positiou to furnish all interested 
scholars, institutions, and laymen with accurate in- 
formation on books published in India which deal 
with India. In view of the disorganized state of 
Indian publishers the maintenance of this service will 
be of the greatest value to all concerned. This work 
will complenieiit tlie cataloguing and bibliographical 
plans at the Indie Studies department of the library 
of Congress, which first centred about the Library’s 
editions of the Tanjur and Kanjur, rare in the West. 
The Choni edition, unique in the West, has never 
before been catalogued. The completion of this cata- 
logue will be a valuable contribution to Tibetan 
scholarship. Many works at the Library in the 
various languages and scripts of India and Greater 
India are being classified and catalogued for the first 
time. Plans are being developed for a complete 
classified bibliography of printed Middle Kastern 
material with a notation for each item of the publisher 
and whether in or out of print. The bibliography 
will lx.' in the form of a card file which can be 
added to constantly and copied in whole or in part 
by the microfilming process. The co-operation of 
Indian . scholars will be needed. 

Several hundred books have been acquired for 
the Library in general and for the Law Library. 
Many of these are rare and of antiquarian value. 
Recent publications in modern affairs arc also includ- 
ed. The complete list is a notable addition to the 
Indie collection at the Library and will greatly imple- 
ment further research. 

Several collections of old manuscripts in Sanskrit, 
Prakrit, Hindi, and other vernaculars have been pur- 
chased. The collections contain a number of manus- 
cripts not listed in any manuscript catalogue. The 
printed catalogue of these manuscripts will appear 
in a supplement to the Journal of the American 
Oriental SociHy. The following are a few of the 
important items : Vyavasthdsarasatjigraha by Kfinia- 
goviuda, Ddyafdra by Govindananda, Asaucasatiik§epa 
by Madhusundanavacaspati, Kj$iPaddhali by Kapala- 
•bhft, Aedradarsa by Sridattopadhyaya, Tiihiiatt'va by 
Raghunaiidana, Rudrakalasasndnnvidhi by Narayana 
Bhatta, Ramdyana with commentary by Mahesvara- 
tirtha, and Ydsasiksd. 

Through the means of a survey made by the 
Indian Gramophone Company reordings presenting 
the various forms of Indian music have been pur- 
chased for the Music Division. The work done on 
this survey was exhaustive so fat as the industry is 


concerned, and I think that a unique collection 
of records for Western ears has been assembled. 

Motion pictures and many stills have been taken. 
One of the cinema films pictures some of the very 
old Vedic rituals of the Malabar coast. These in- 
clude a marriage and a tonsure ceremony according 
to the Asvalayanagrhyasutra. It is believed that this 
film dociiiiiciit is unique. The motion picture film 
industry of India has been investigated. Several 
films will be recommended for uciiuisition and distri- 
bution by the I^hn J Jbrary of the Mmseum of Modern 
Art of New York City. This visual work again 
cottons with project now being launched by the 
Library of Congress in co-operation with the American 
Council of Learned Societies to survey Lslamic and 
Indie resources in America for visual education, in- 
cluding slides, photographs of art objects and 
miniatures, maps, graphic ethnological material, 
cliarts, blue-prints, etc. An index is to be prepared 
at tile Library and complete copies of the material 
in microlile will l)e made. A visual archive of this 
type will supply a need long felt by educational 
institutions, which have in the past been unable ti> 
have more that chance knowledge of the existing 
materials in America for lecture and educational pur- 
poses, particularly in the field of oriental art and 
architecture. 

As a result of visits made to ofiici-als of Indian 
States and provinces many official publications will 
now be available to tlic various United States Goverii- 
ment bureaus and interested individuals. 

.More than six thousand pages of rare Indian 
manuscrii)ts in Sanskrit and the dialects have been 
photographed by the microfiliniiig process. These 
film records will i.»e deposited at the Library of 
Congress. Among them are important ritualistic 
texts, rare Jain manuscriiits, a rare manuscript of the 
\'cidlapancavimsati, and old Tantric texts. Arrange- 
ments have been made with the important manus- 
cript libraries whereby further microfilm copies of 
manuscripts desired by American scholars can 1x3 
easily secured. Microfilm facilities now exist at 
strategic cultural and geographical points in India 
including the machine at the Royal A.siatic Society 
of Bengal, so that all manuscript sources can be 
tapped. This developing service will greatly benefit 
Indian and American scholars alike, not only in 
making research materials more accessible, but also 
in preserving old and valuable documents from 
extinction. 
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i'o set forth some of the advantapres to the 
scholars and to libraries of microfilm and of the inter- 
national service now existing: in America for the 
lienefit of scholars everywhere, T offer some extracts 
from the reports of the American Docnmentation 
rnstitnte or ADI in short : 

The invention of printing: was the first 
major advance in methods of documentation. In 
the early days of this republic, however, print- 
ing: had already outgrown the means of know- 
ing: what was in print and where. Our early 
learned men maintained a running; g:uide to 
printed research materials by constant corres- 
])ondence among: their own few members. 

Our present world with its thousands of 
scholars, thou.sands of institutions, .government 
bureaus and commercial research departments, 
and millions of printed pa.gcs, produces untold 
wealth in scholarly material, both ori.ginal and 
adapted. This mass has far out.grown the 
means of findin.g it when published, and the 
means of publishin.g it. 

The American Documentation Institute was 
created by important national scholarly .groups to 
help them .solve the problem. Having: no matter 
of its own to iniblish, no journals to maintain, 
no institution to a.g.grandizc, no profit to earn, 
it exists only to push the work of others out 
in front where those who need it may see it. It 
is constantly thinkin.g about biblio.graphy, publi- 
cation, reproduction, circulation. No one-page 
scholar’s note is too .small, and no thousand- 
volume collection too lar.ge, to receive its help 
in getting somehow into the right hands. 

ADI is not committed to any one plan or 
technique but uses regular printing, offset, blue- 
print and all the near-print mctho<ls cheapest 
• and best for the particular case. Where a sin.gle 
copy or a small edition is needed and the need 
can be cheapest served thereby, it has its Biblio- 
film Service to copy the material in the form of 
microfilm comfortably legible in a projector or 
readyig machine, which is now commercially 
available but still alxmt a third the cost of photo- 
stats, and readable without optical aid. 

Bibliofilm Service is operated by ADI on a 
non-profit basis, with the best laid out micro- 
photographic laboratories in the country, with 
three years of scientific pioneer development 


costing some $25,000 behind it, and with, to show 
for the struggle, one of the most technically 
expert staffs and the latest and most highly im- 
proved and efficient electrically operated equip- 
ment. It is in the fortunate position of being 
able to turn out work, which has passed Ixi.vond 
the experimental stage and attained a proven 
high standard grade, with a speed, efficiency, 
reliability, and hence economy, exceeding any- 
thing heretofore achieved. 

ADI’s Bibliofilm Service laboratories are 
operated in the IT. S. Department f)f Agriculture 
Library, Washington, D. C., under a co-operative 
agreement with that Department, and its addi- 
tional microphotographic copying cameras are 
installed in the Army Medical Library and the 
Library of Congress. One use of the installations 
thus serving these three great libraries, is to copy 
for scholars extracts from books and journals 
needed in their research. This copying is done 
at cost, the rates Ixiin.g a fixe<l charge of 20 cents, 
plus T cent per page for microfilm copying />r to 
('cnls per pa.ge for photoprint. 

Scholarly societies have at hand, • in the 
further services of Bibliofilm vService which ADI 
has made available to the learned world, a means 
of imblication without the cost which faces any- 
one who otherwise plans to iirint something, 
or near-print somclliiii.g in an edition, however 
small. 

This is because publication is accomplished 
by the group’s editor by merely depositing the 
matter with ADI, which lodges it in the custody 
of the U. vS. I)ei>arlmcnt of Agriculture Library 
wliere it is safe and immediately available, it is 
offered to the public through a journal ; and 
orders for it are filled at its regular low cost rates 
by .\DI, ordinarily by making a iTiicrofilm copy, 
or photoprint copy, but e(|ually well Iiy •furnish- 
ing any other sort of copy, sitch as. full-size black- 
let ter-on-white-iiaper by a new photographic 
imx'ess, as may be ordered by the. scholar or 
library wanting the material. 

This Auxiliary Publication Service* is avail- 
able to the editors of journal in any field, with- 
out cost to the editor, the journal or the author. 
It enables the journal to publish more or longer 
articles without spending more money. It 
enables the author to tell the whole story without 
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heiiig held to five, ten or any limited number 
of pages. It enables the publication of unlimited 
pages of tables without the cost of that expensive 
sort of .si>ecial compositions. It enables the publi- 
cation of jdiotographs, grajihs and charts with- 
out the cost of cuts. It enables the journal editor 
to demand, as several learned societies are insist- 
ing that he should demand, that the author 
.should furnish with the article all the basic data, 
working i)ai)ers, full or Mipplementary text, 
illustrative and sui)porting matter upon which 
he based his conclusions. 

This is the way the Auxiliary Publication 
works in the case of a ]>aper submitted to a 
journal, proceedings, transactions, bulletin or 
comj)iled ])ubh’cation series. The author sub- 
mits to the editor the complete contribution. 
The editor alone deciiles (i) whether he will 
publish it at all ; (i) how much he will print 
and (t,) how much he will is, sue through ADI. 
Having decided to ])ublish the contribution, the 
editor divides it as he prefers. He may : (ti) print 
tile whole contribution, i.c.. all the text and all 
supporting data, when nothing is issued 
through ADI, {b) print the summary only, 
together with a note stating that the complete 
jiaper is available from ADI as Document No. -, 
at a cost of — cents in microfilm or — cents in 
photoprint, (number and twice being notified to 
him by ADI, see below), and (r) i»rint all ihe 
text of the pai)er, together with a note stating 
that the sui»i>orting data is available from ADT 
as Document No. — , at a cost of — or — . 

In both the latter cases the editor forwards 
that part of the contribution, which he has 
decided to issue through ADI, to ADI giving 
the title, author, and the issue of the journal in 
which the matter which he has decided to ])rint 
will a])])eijr. If he does not yet know in which 
issue he will |)rint the contribution, he may send 
the matter at ojice and advise ADI of the issue 
later. Af>I receives the matter on permanent 
deposit, ‘gives it a Document Number and fixes 
the pfice for a coiiv, according to its regular 
copying rates, and at once advises the etlitor of 
nuinber and price. 

Reprints of the matter deiiosited with ADI 
may be .obtaincKl by the author in unlimited 
nuidber from ADI at its usual cost rates, either 
in microfilm or jihotoprint. Or if the author 
wants to order a definite nuinber reproduced by 


printing, or any of the inodenr metluxis such as 
olTset jirinting, blueprint or black-on -white 
print, ADI will be glad to make such an edition 
for him on a non-profit basis. 

Auxiliaiy Publication is also used apart 
from journal articles. It is available to an 
institution or scholarly society for the publica- 
tion of nioiiograiihs, books, reports, studies, 
bibliographies, sets of specimens, sets of X-ray 
photograjjlis, or any other results of their work. 

The original matter is deposited with ADI 
by the society or institution, and the latter 
makes known its availability by notice in the 
journals of the .group, bulletin, circular 
announcements, each reference giving the docu- 
ment number and cost of a copy in microfilm and 
in phf)toprint. The reader desiring a coi)y 
orders it direct from ADI.* 

* The frillowing «|iii)l.ntic>ti fioin tlu* slalriurnt of tlu* 
.^Illori^nIl DiM'umeulatioii Institute will he of further iiileresl. 

Ill <»nly one instaiu-e is an tiilire hihliotilni library 
planned, that being a library to Ik* developed from seraleli. 

For the going library, Ibe roll* of .a bibliofilm eolleelion 
to snpplomonf flu* prinfed aeee^^ioiK. I'our sejiarati* ])iir- 
po<;ej; are ‘served : 

-d. To fill volume gajis in exi''ling ‘^eU. 

/I. To augment the library’s eompletene*;'^ by adding 
bibliofilm scU of tin* rarer and more wanted 
journals. 

C\ To increase tlic iK-rmanunee of the library*'=i Iiold- 
ings. 

/>. To imjirove liorumentatio*’ fnr research. 

.1. Within the library such bibliofilm volumes are aeres- 
sintied ill the same manner as printed items and cnleivd 
on till* litlr card of the 'Serial. When a call slip is put for 
siicli a volume, the bibliofilm is deli vend at the central 
desk instead of a printed book, and the reader is direeled 
to a reading macliii;''. where either he or a staff meinlier 
])iils the roll on the inaehiiie. 

/». .Xildiiig niblio/ilm Journal .Sets. Of mueli greater 
importanee than odd volumes is the presi nt opportunity 
offered hy the initiative of the .American Docuinentalion 
Institute with the aid of a limited grant, under wiiiclt, tlu* 
iioii-profil Pibliofilm Serviee is permitted for the time being 
to fill orders for hihliofilm copying sets, /.r., any properly 
copyahle 10 or more consecutive volumes of a serial scienti- 
fic nr learned ])enodical, set of ycar-hooks, memoirs, trans- 
actions, jiroeeedings, etc., at a special rate of cent, 
per page. 

This effort is not confined to any arbitrary list of titles. 
The library knows best its own pressing needs. Mie survey 
made under a grant from the Committee on ^Scientific -Aids 
to Learning developed howi'ver a li.st of fiindainental journ- 
als widely lacking and widely desired by libraries. Inquiries 
and orders received, while including many other items as 
well, have centred heavil> on the journals so listed. 

(\ Increasing tlu* l’ermaiu*iu*e of the Library’s Hold- 
ings. _ Anieneaii librarians, who easily lead the world iu 
teehniques of iheir profes.sion and in seieiitific. knowledge 
of paper, binding, aiul preserviition, are aware that the 
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Microphotopjraphic copying services exist to a 
gradually increasing extent, in London, Paris, Berlin, 
Kome, and other European cities, Latin America, 
Japan, India, etc., and Bibliofilm Service maintains 
relations with these services. Copying orders re- 
ceived by Bibliofilm Service for material not in the 
United States are filled through such foreign sources 
for bibliofilm u.scrs. International standards are 
encouraged to the end that material, size, orientation 
result in microfilms usable on the standard equip- 
ment in vogue. 


bulk of the learned and scienlific j(jurnals are nu iiiiper- 
in.'inent paper. 

Tn exmiiining tlnms.'inds of these vohiiiies, the nihliofilin 
Sorvire. has found that they already show signs of decay 
and disintegration. There will come a lime, not far off for 
sdine of them when no tiuiller huw many copies mi the 
original paper are held in no matter how nianv plac«‘s, they 
will all, approximately simnitaneonsly, cruinlile tn dust. 

Aeeordiiig to a seientific study made hv the Thir<*aii of 
.m.'iiidard.s, inicrofdm pro|>orly jiroeesscd and kept has a life 
e(|nrd to that of pure rag iia|H'r, whirh we know has already 
lasted some centuries. 

When the expensive hound srls go, therefore, along 
with those of all other libraries, the hibHofdm sets will still 
li(' serving research . 

'Phe American noenmentation Institute in providing 
lliis effort is interested in helping libraries augment I heir 
holdings, in improving doeunieiitalimi for research, and also 
in our duty to hand on intact t»> the fnluro the record of 
(•ieiiliric and learned achievement up to now. 

D. Improving Dorn mental ion for Research. The .\D1 
survey brought out an interesting fact, namely that there 
an' two separate categories of the rarer journals used for 
researeh : 

(a) .\ list of about 3000 journnls, to which references 
are spasmodic. No library has, or can have, them all. The 
jiraetiee is to obtain for the research render the extract 
ilcsircd -nsnally from 1 to 15 pages by an onhr for hihlio- 
nim extract copying. The Ifibliofilm Service alone is fdliiig 
extract orders to the anionnt of 20,000 pages per month, 
covering an enormous range of journals. 

(b) As against the above 3000 journals, a small list of 
a few’ journals, not more than about 40, which account for 
20 per cent of all use. 

'Phey appear in the nhslracting journals several hundred 
limes as frequently as the others. 

They are constantly in use in the few smirec libr.'iiies 
which have them constantly out on loan to divisions, fre- 
quently in the bindery for repairs, hence conslant delays in 
availahilitv for copying. Heeause of constant need for use, 
inlerlibrary loans are not fjermissible. 

For these few journals the method of copying from 
‘•tilers’ distant volumes whether by hand, photostat or 
iiiicrofilm, no longer aiiswcr.s. These few journals must Ik* 
llie plfyes where research is done. 

'Phe Address of .\merican Docnincntation Institute is 
C'arc Offices of Science Service, 2101 Constitution Avc., 
Wa.shinglmi, T). C., U. S. A. 


Indian scholars and institutions can make use of 
this service and gradually build up something similar 
within India. The nuclei of such a service have 
already been established. The Royal .Asiatic .Society 
of Bengal stands ready to do its part with the eipiip- 
inenl and facilities now at its command. Mutual 
benefits on an exchange basis with ADI and the 
Library of Congress will soon be forthcoming. I 
have <leiiionstrated the eqniiuiient everywhere in 
India, and it is to be expected that whatever institu- 
tions now have such e(iuipnicnt will co-operatc in 
assisliii.g each other and the scholars of India. The 
great advtinta.ge of microfilming is the speed and 
cheapness of copying. The machine sot up) at the 
Royal A.siatic Society of Bengal when operated by one 
person is capable of photographing on mm. film 
120 pages i»er hour at a cost of from ^ to i anna 
per page. The negative can be read by means of 
the magnifying rending mnchinc or can be enlarged 
in a positive reproduction. 

It is the hope of those Americans interested in 
spreading the slndv of India in America. that micro- 
filming will greatly facilitate their programme. But 
this is onlv a part. I have already referred to plans 
to add to the number of those colleges and univer- 
sities in America which now oflFcr work in Indian 
langua.gcs and cnltnrc. Further, it is expected that 
one day an American school will be established in 
India to which young Americans may come to study 
and do research. vSiniilarly it is hoped that the 
services of Indian scholars can in the future be more 
widely used in America. All these measures must 
inevitably lead not only to an increase in the volume 
and finality of Indie research, but more important, 
also to a new and reasonable conception among Ameri- 
cans of India’s role in the history of the past and 
her imp)ortancc to the world of the future. Such an 
understanding must be attained by the Americans not 
through the sporadic and temporarv adoption of 
“spiritual” fads, nor through the zealous and colour- 
ful efforts of journalism, but thrdugh* t.he slow, steady 
p)roccs.scs of intelligent study and clear evaluation. 
Onlv so can this understanding be not. a pastime; 
but a tool and guide for the future.’*' 

♦I.eeture (ielivcrcil at the Rovjil .\siatic Sficielv of Bengal 
cm July 31, 1940. 
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Introduction 

^piiouo II recently a ^’leat deal of iiifonnalioii has 
been .ualhercd on the inaiinrin.u: of Indian soils, 
imich has yet to be learnt about manures and 
manuring under Indian conditions for which a 
series of inanurial experiments are liein^e; carried onl 
(including* the standard inanurial experiments with 
paddy and siijiiarcane under l.C.A.R.) at different 
aj*ricultural farms in the country. ^lanurial experi- 
ments so far carried out at different farms in India 
indicate that artificial fertilizer or organic manure 
alone* does • not give the best result but it is the 
combination of Inith organic manure and artificial 
fertilizer that gives the best result. In fact, the 


present view is that artificials should come in only 
if there is a dearth of suitable organic matter or to 
supplement organic matter. The use of artificial 
fertilizer alone is however recommended if the 
amount of organic matter in the soil is high and it 
is suggested by many that organic manures help the 
utilization of artificial fertilisers by the crop. 

Instead of going into a detailed discussion of 
inanurial experiments carried out in different parts 
of India, a selected number of such experiments 
with artificial fertilizers alone or in combination with 
organic manures arc noted in Table I ami II, which 
will give some idea of artificial fertilizers found 
effective in different types of soil in India. 


Kri'KC'rs or M.\nurrs in Dii'fkrknt Tvries or Soii.s. 

TaUI.Iv T .XHTIKICIAI. rKRTII.IZKR AI.ONK OR IN CO.MUIWTION WITH OTIIKR ARTUU I \I.S. 


No. 

! Kxl'niinental 

1 fann. 

Soil. 

Crop c'f rotaiion. 

1 Trcaiments per acre givitiff 

significant increa.u's in yiehls. 

Period ol 
experiment and 
remarks. 

*1. 

\ Sniii.'ilkdt 

1 CMnilni^) 

Ulayiy and r)f ave- ] 
rage fertility ' 

I’addy (Pa<ld y- | 
hlack-gTani) i 

(1) .'Vmnioniuni sulphate M2 Ihs. 

1 plus superpliosjdiate 224 Ihs. 

(2) Superphosphate 224 Ihs. 

fl)>(2) 

in27-2K 1030-31 

*2. 

! .\kyal) (l?urTiia) 

Ponr sandy soil 

Paddy after padily i 

Aminoniuin sulphate 30 Ihs. N. 
plus superphosphate 30 lbs. 1^0^ 
plus potash 20 lbs. Kj,0>N.M. 
(No manure). 

1925-2fv-1927-28 

*3. 

' Hagari (Madra.s) 

1 4 

niat'k cotliMi soil 

S<irghiini — cotton 
(Direct effect on 
sorghum residual 

effet’t oji cotton) 

Snperpht>sphate 20 lbs. rjfl. ])lus 
amnioniuin sulphate 40 lbs. 
X>N.M. 

1929-.30 and 1930-31 

*4. 

j Gaya . 

! 

1 

Soil calcareous clay, 
<lcficienl in phos- 
phates 

' Sugarcane 

Siipirphosphate 30 lbs. PjO.^N.M. 

1928-29 

*5. 

1 Tlankura 

1 (Jlengal) 

vSoil (t( jHMir ferti- 
lity. 

■ la.v paddy j 

1 

Nitrophoska or amniophos or nitro- 
chalk or leunaplio.s or nicifos 
(each 20 lbs. N) with no differ- 
ence between treatinenls. h)ach 
>N.1VT. 

192vS-29 1930-31 

*6. 

Omiilla (Hetigal) 

I Low-lying, loamy, 
deficient in nitro- 
gen : 

A man padd\ 

Diammophos 200 lbs. (40 lbs. N. 

+ 100 lbs. rA.)>N.M. 

1928-29- 1930-31 
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No. 

Experimental 

farm. 

Soil. 

('rop e'V rotation. 

. 

I'n'dtmeiiis per aere ffivinf; 
sifrnijicant inctrases in yields. 

*7. 

Cuttack 

Soil (leticieiit iti 
plidsplialcs 

I’addv (after padd\ ) 

-\mmopIios 25 Il»v. .\.:>.\.M. 

*8. 

Cuttack 

11 


Diammophos (12 Ihs. N plus 30 
Ihs. 1M),)>N.M. 

*9. 

Karjat (lioinOay) 

vSaiiily loam 

Patldy 

Ammonium sulphate in dosfs of 40 
Ihs. N. 00 Ihs. .\. 80 Ihs. .\ and 
100 Ihs. N. h!acli dose:>N.M., 
hill difference helwreii dilfennl 
ilo.ses was not signillcanl 

*10. 

Dacca (llciigal) 

Soil of averaj^e fer- 
tility 

.Unan [laddy 

100 Ihs. .\mmonium sulphate 
(32 Ihs. .\.)>N.M. 

>‘=11. 

Kaiiki 

Soil clayey deficiciit 
ill pliospliates atul 
of low ftrlility. 

Paddy (aftiT paildy) 

1 

1 

Ammonium sulphate (32 Ihs. N) 

*12. 

t'littack 

i 

1 

' Soil poor, ilcficii nt 
in plu'spliatcs 

1 Su,i;arcaiie 

Vmnioiiium suljihate .SO Ihs. N (at 
planting) phis the same 30 Ihs. 
(in Aia>) jilus the same 40 Ihs. 

1 in June;:>.\nimoniiim siilpli.i'f 120 

1 Ihs. N applied afti i June. 

*13. 

1 

Oiinlaspur I 

(I'uiijal)) 1 

Soil Heavy clayey 
loam 

, 1 
Sugarcane 

Ammonium sulphate 45 Ihs. \> 
S.'S]. 

*14. 

t'awiiporc (r.P.) 1 

Medium loam 

Wheat 

.Vtnmonium sulphate 24 Ihs. N > 
N.M. 

*15. 1 

1 Totkdii (Hurnia) ! 

i 

S.andy loam, defi- 
cient ill PjO. 

('i round nut 

Nicifos (17/45) 100 Ihs. -.-N.M. 

'10. 

1 1 

Ilmawlii 1 

(Hurina) ; 

Swamp paddy I.ukI 
p<K)r soil 

Paddy (after paildy) 

ha.sic slag 90 Ihs. P,() ::>X.M. (vxith 
residual elfects for 7 >ears). 



'lAUl.K II .\KT11-K1\I. 

I-J-RTIM/KK IN COMHINVTION WITH OKC.WK M\N( KK. 


No. 

Kx peri menial 
farm. 

.Soil. 

Ciop e-'* lotaiion. 

J'realment.'i (ui Oiie .ii/c/ag 
siiinificanl inct eases in yields. 

M. 

Ciitt.'ick 

Soil low-lying «lefi- 
cieiit ill pliO''ph.'Ues 

Wheat (fallow e.aiie- 
wheal) 

.\iimiophos (20 Ih'., N pills 30 Ihs. 
P,()J>oil caki- (20 Ihs. N). 

■'2. 

Kumta (Homhay) 

.Soil laterile 

Paddy 

h'.Y.M. .5 carts phis ammonium 
sulphate 40 Ihs. N>eilher treat- 
ment. ir.Y.M. 5 carts or aiiimo- 
niuni siiljihate .50 Ihs. N alone. 

*3. 

• 

Palur (Madras) 

Soil alluvial 

Sugarcane 

('•roundniu cake phi'- aiiimoniiim 
sulphate tol.'dling 200 Ihs. N;.->the 
same .50 Ihs. X. 

*4. 

Cuttack 


Padily (after paddy) 

(ireeii inaiiiire plus super KiO Uis. 
per acre::>Green manure alone. 

*5. 

Cuttack 

- 

Paddy (after ]>addy) 

Hone-meal 18 ll.is. P,( ) plus aninio- 
niuiii sHl])1iati' I(i Ihs. N>X.M. 

6. 

I 

j Sluifijahaiipur 

fyoaiii 

Sugarcane (Co. 31.3) 

(1) Xo manure, (2) 00 Ihs. X (in 
ef|ual ijuaiititie.s from castor cake, 
ammonium sulphate .and eow- 
diing), (.J) 120 Ihs. X (in equal 
quantities from castor cake, am- 
moiiiiini sulphate and cowdiing), 
(4) 180 Ihs. N (in equal quantities 
from castor cake, ammonium sul- 
phate and cowdung). Doses com- 
pare as 180 Ih.s. N=I20 lbs. N> 
60 lbs. N>N.M. 


Pi'riod of 
cxpcfimcnt and 
rauarks. 


l‘)2fi-27 

192S-21) 

HLM :in<l l‘J26-2H 


1928-29 1930-31 

1920-27 


1920-27 


1920-27 - -H»29-30 


1920-27 ;mil f927-28 
1931 


1924-31 


Period of 
exfteriinenl and 
re marks. 


1924-20 


1929-3(4—1930-31 


1920-27 


■ 1930-31 


1934-35 
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No. 


h'.xiu’nnicntiil 

fiinn. 


Soil. 


Crop cV rotaiion. 


Treatments per acre giving 
significant increases in yieUis. 


Period of 
experiment and 
remark's. 


7 . [idliat 


' Ut.«Misli s 
loam, acid 


a 11 d y I Snj»arcaiie (Co. 3C1) 
I - plant caiic 


(A) Control. 

(!’) Orccti tnaiiurinjf with cow pea. 
(C) — >(B) 4 cowdiinjj; 50 11)S. N. 
(I>) — ).(B) 4 oilcake 50 lbs. N. 

(H) — I nicifos 50 lbs N. 


{R).. (IJ), i.e., ad- 
dition of nicifos 
docs not in- 
crease llie yield 
significantly. 

{C)>{A)=.(n) 

(B) >(A) 

(RIXA) 

(C) >(K) 


8. jorliat 


9 . 


Jf)rliat 


, Reddisb s a n d y 
i loam, acid. 


(a) Sugarcane (l*o.i. (‘0 0 lb. RsO-.+ 0 lb. KjO 

2714) plant c:ine (0) 00 lbs. I*a().s4- 0 lb. KjO 

(c) 90 lbs. PaO;4- 0 lb. K,0 

(d) 0 1b. Pj,O,+ 100 lbs. KaO 

(e) 00 lbs. PjO^+lOO lbs. K^O 
(/) 90 lbs. PaOa4-100 lbs. KaO 

'(g) Oil). l‘aO,4-150 lb.S. KaO 
[h) 00 lbs. I’aO, I 150 lbs. KjO 

; (/) 90 lb.s. PaU,+ 150 lbs. 

' All plot received a ha .sal (lre.ssing 
of 300 mds. Cow’dnng i 1000 lbs. 
oilcake per acre. I’jt >., was appli- 
ed in the form of alphas, while 
was applied in the form of 
pot. sulphate. Only the. effect of 
pol.'ish was significvint, 100 lbs. 
KaO and 150 lbs. K/J), each 
^itdiliiig sigiiiticantly greater 
than “no” 


! {b) Do. ratoon cam s Residual effects of the above, treat- 
! inents. Residual effect of 90 lbs. 

PjO, was significantly greater 
than “no” PaOn. Residual effect 
of 150 lbs. KaU was .significantly 
greater than *“ 110 ” K.O. 

Reddish s a n <1 y Sugarcane (Co. 419 A. Control, 
loam, aci<l. plant canc) H. Cowalung 175 mds. 

4 mustard cake 1000 lbs. 

(-120 lbs. N in total). 

(C.) Granular calcium cynainidc 
600 lbs. (120 lbs. N) all plots in- 
cluding A received a coninion 
(lre.ssing of 125 mds. cowdiing). 

B>C>A 


19.36-37 


1937-38 


1938-39 


10 . ; Muzaltarnagar 

I 


11. ! Mu/affarnagar 


I 


Sugarcane (Co. 312) (1) No manure. 1935-36 

(2) F.Y.M. 120 lbs. N. The advisabilit> 

(3) Neem cake 120 lbs. N. of adding an 

(4) Ammonium sulphate. 120 lbs. N. organic manure 

(5) F.Y.M, 60 lbs. N plus ammo- to an inorganic 

Ilium sulphate 60 lbs. N. whenever t h e 

(6) Nccm cake 60 lbs. N plus am- latter has to be 

monium sulphate 60 lbs. N. ; applied. 

(6) = (5)>(2)>(1) 

(3)-(4)>(l) 


Sugarcane (Co. 312) To find the profitable dose of orga- 
I nic and inorganic manures and 

their mixture. 

. 'rreatments : — 

Manures— 

j (A) F\Y. manure. 

I (B) Ammonium sulphate. 


1937-38 

Manures --Am. 
sulpliutc F.Y. 
M. 4-Aiiio. siil- 
phatoF.Y.M. 

Doses — 48 lbs., 

64 Ihs., 80 lbs., 
96 lbs., N. do.ses 
per acre did not 
give .significant 
results. 
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No. 


12 . 


Experimental 

farm. 

Soil. 

Crop A* rotation. 

^lu/affurnagar 


vSugarcanc (Co. 312) 

lIppiT Sllillollg 
b'anii 

Iligbei liiinls 

Potato 

and rL(ldisb loam, 



low-lam Is clayey 
loam with a fair 



supply of all es- 
seiilial ilcmcnt.s 

i 


of plant food. 

1 

i 

! 

i 


Trealmcnts per airc giving 
significant inrrra.scs in yields. 


(continued from the Iasi page) 
(C) I’.V. nianure I Anmioniuiii siil- 
phaU* in ctpial doses «>n N 
basis. 

Dosi-s (1) 48 lbs. N, 12) til lbs. 
N, (3) 80 lbs. N. (4) 96 lbs. N. 


(1) Collltol. 

(2) .\inmoplu>s 225> lb>. 

(3) Nicifos 2(Mj lbs. 

(4) -\ niiiioplios 22,'S lbs. plus siil- 
pli.'ile of jiotash 2(M) lbs. 

(F^) Nidfos 200 lbs, plus snl]»Iialf 
of potash 200 lbs. (,\ll plt»ls 
received a eonmioii dressiiii^ of 
100 inds. eowdiinj^ pt'r acre). 
(•'^)>(1); 14)>(1); 

11 )- 12 ). 


Period of 
experiment and 
remarks. 


I'rolil -,V mix- 
ture of I'.Y.M. 
and aminoiiiuiii 
sulphate on 
eijual nitrogen 
basis at 96 lbs. 

per acre is 
the most profit- 
able followed 
by ammonium 
sulphate at 48 
lbs. 


A'./b lvx[>eriinents marked with asterisk (*) lui\e been noted from ‘‘Analysis of .Manitiial llxpetimenls in India”- 
\’ol. I, by M. Vaid^aiiathaii (1934). The rest are recorded frtuii the respective annual repoils of schemes finder 
1. C. A. R., excepting No. 12 of 'I'able II, which is recorded from the ,\nnual Reports of the A.s.sam .Agricultural 
Deparlment for 1035-36. 


The importance of artificial fertili/.crs that are 
ill use ill India and also the demand for them will 
hriiig home to the readers the importance and scope 
of extension and improvement of the hitherto 
neglected indigenous artificial fertili/.er industry. 
The important crops requiring the u.se of artificial 
fertilizers in India are sugarcane, tea and paddy. 
Potatoes, vegetables, millets and tobacco also require 
fertilizers but in much smaller ainuunl in comparison 
with that of any of the three noted before. Such 
iinijorlaiit crops as wheat, cotton, jute, up to the 
present time, consume I ml negligible amount of arli- 
lieial fertilizer. 


Lmi>ortant Aktifici.xi. Fkktii.izeks 

(i) zlwmoniunt sulphate . — Considerable amounts 
of artificial fertilizers are imported every year, of 
^^hich the#most important is ammoiiium sulphate. Ac- 
cording to Hendry (1940) before the outbreak of the 
present war, over ioo,<.X)o tons of amiiuinium sulphate 
were used in India per year, and more than three- 
fourths of this quantity were used by the ryot, 
^^nly a small fraction of the annual reqiiircnient of 
this fertilizer, about t 8,000 tons, is produced every 


year by the vSiilphale of Ammonia Federation in 
Heiigal and Hiliar. In Mysore a plant has very 
recently been installed for protliiction of synthetic 
ammonia. This marks an important development in 
the luanufaclure of artificial fertilizers in India. 
According to Ciliosh (ii>lo), “This would yield 
tons of ammonium sulphate which will fertilize the 
sugarcane fields of the vState. Tlie success of this 
enterprise will be watched with keen interest by 
Indian technologists and it is hoped that before long 
plants for the synthesis of ammonia and its conver- 
sion either to fertilizer or nitric acid will be set up 
in many jiarts of India where cheap electric power 
or cheap coal is available to meet the expanding 
requirement of tlie.se iiialerials, under a system of 
well-planned economy in industry and, agriculture’ b 
1'herc is snnicieiit scope for increasing the output of 
ammonium sulphate from the present cbiicerns and 
also for starling a few more manufacturing plants to 
meet its demand in India. Chatterjee (1Q38) has 
given a scheme including details for the manufacture 
of aiimioninni .snlpliale from synllietic ammonia, 
suit'iblc f<;r Indian I'onditions, which deserves 
attention. 

According to Acharya (193^^)* India possesses in 
coal industry a potential source of over 2OO,<X)0 tons 
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of aiiiiiKiHiiiiii sLilpliatc per year, hut iiiiforluiiatcly 
the coking iiuhrsUy is not at all well-(jrgaiiisetl in 
India, so he thinks that an annual prcHlticlioii of 
20, (XM.) tons of by-product ammonium sulphate can 
be expected at present. The most elTective way of 
meeting tlie demand of inorganic nitrogenous 
manures in India however would be to develop the 
manufacture of synthetic ammonia which will offer 
the best starting i)oint for covering the whole field 
of nitrogenous fertilizeivS, c.g., ammonium sulphate, 
nitrates, etc., and such compound fertilizers as 
calcium ammonium nitrate, ammonium sulplio- 
nitrate, boiie-nieal ammoniinn nitrate, etc. 

{ii) \ilriilcs . — Sodium nitrate is another arli- 
/icial fertilizer which is imported into India, but its 
import has considerably decreased during recent 
years. Deposits of Indian saltpetre (potassium 
nitrate) occur in parts of India. The crude Indian 
saltjjetre and also the earths from which it is 
e.xtracted are used locally as manure to some extent. 
Hut its major portion is refined into [xjtassiinn 
nitrate for i)urpose of export. Many are not very 
enthusiastic alnnit the advantages of Imlian saltpetre 
mainifacture from the point of view of its mannrial 
use hr India. 

{Hi) Comf^ound jcrlHizcrs . — These are a series 
of compounds containing l)oth nitrogen and phos- 
phoric acid in differeut proportions and are chea]) 
imported stulTs which are in use to some extent in 
India. Of these, we have dilTerent grades of 
aiiniiophos containing ii% — 10% nitrogen and 
— 20% phosphoric acid (1^20^) and different grades 
of nicifos containing 14% — rS% nitrogen and 41% — 
iS% phosidioric acid (lE^^s)- They are iinpoiiant in 
the sense that they contain two important fertilizing 
ingredients, viz., nitrogen and phosphoric acid and 
have an advantage in weight in coni[)arison with 
manures like suj^erphosjdiate. There is some 
demand for these fertilizers and it will be well to 
investigate the possibility of their manufacture, or 
that of similar* fertilizer from Indian resources at a 
cheap rate. 

(tv) Sulyerphospliate . — This is an important phos- 
phatic fertilizer in use in India, whose import has for 
some years iK-en nearly 7,000 tons per annum. Some 
2,000 tons i)er aiimnri are manufactured by Messrs. 
Parry & Co., of Madras and this is the only firm at 
present, engaged in superphosphate manufacture in 
India, most of which is made from Ixmcs. There is 
obviously scope for extension of superphosphate 
manufacture in this country. • 


Opinion however is divided- with regard to 
suitability of superphosphate and many would prefer 
to use amniophos, nicifos, etc., as they are cheaper 
than sui>erphosphates and also have an advantage in 
weight. 

(ij) Natural phosphates are found in Madras and 
Hihar. These, as have l)een recorded by the Royal 
Commission on Agriculture (1928) in India, do not 
offer any important po.s.sibility. 

A discussion on phosphatic fertilizers in India 
will not be complete without mentioning the case of 
lK)ne-meal wliich, though not an artificial fertilizer, 
has attracted a good deal of attention in connection 
with phosphatic manuring of Indian soils. 

From a rough e.stimate of the annual produc- 
tion of bones in India (made under the suggestion of 
I.C.A.k.) and from a rough average of the annual 
exi>ort of bones from India, it appears that only a 
small fraction of total bones is exi>orted in various 
forms, while the major portion remains unutilized 
in India. Hones which are used in the form of 
Ixme-meals as manure in India form but a very small 
fraction of the total production of bones, and are 
obtained chielly from bone mills. There arc a 
number of bone mills, chiefly in Honibay, Madras, 
Bengal and United Provinces, mannfacturing either 
bone-meal or crUvShed l)ones and ])one-mcal. 

Hone-meal availa])le from bone mills is rather 
costly to cultivators and increasing attention is there- 
fore being paid {a) to jjroducc cheap l)one-meal, b> 
developing production of bone-meal as a cottage 
industry, so that cultivators may use lione-meal with 
sulficient profit and also (b) to extend the use of 
Iwne-meal. 

(rf) As most Indian soils are not deficient in 
potash, the demand for potassic fertilizers is small 
and conseciuently their imports are also small in 
comparison w ith those of other fertilizers. Tlie;^ are 
effective for certain special crops such as tobacco. 
India does not produce any potassic fertilizer except 
Indian saltpetre which, as has been discussed before, 
is not important from indigenous manurial point of 
view-, although it contains two important « fertilizing 
ingredients, viz., potash and nitrogen. Prospects of 
use as fertilizers of potassium salts, which arc- 
present among beds of rock salt in the Salt Range of 
the Punjab, appear to be highly doubtful. 

(vii) Fertilizers such as basic-slag, calcium 
cyanamide are used only to a very limited extent in 
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[ndia. Large amounts of calcium cyanamide were 
imported in the past, but its consumi)tion has 
recently been mucli reduced. No cyanamide is pro- 
duced in this country and there ai)pears to he little 
prospects of its manufacture in India. 


CONCI.UvSION 

Details which have so far been discussed refer 
mainly to normal condition just i)reccding the 
present war. In an emergency such as the present 
war, the increavSe in price of imported fertilizers is 
inevitable. As such the need of organised manu- 
facture of artificial fertilizer in India is now felt 
more than at any time before. 

It is (piile in the fitiie.ss of things that the 
manufacture of artificial fertilizers is attracting 
increasing attention in India. It is now recognised 
in India, as Ohosh (1040) says, that the main objec- 
tive of iilanning the national ect)nomy should be to 
attain as far as possible national self-sunicieiicy ; and 
so far as food stufTs are concerned, this ideal can be 
attained with the aral)le land at our disposed and witii 
the help of 50 % of llie population, if only inodeim 
nutliods of cultivation are introduced. Regular and 
systematic niaiiuring of soils will, as a necessity, 
form an important part of these modern methods of 
cultivation, and more manures will have to be added 
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than at present. It appears from our present know- 
ledge and exi)erience of manuring’ of Intlian s(hls 
that artificial fertilizers will supply the smaller frac- 
tion of this increased demand (while organic manures 
will supply the bigger fraction), but then India must 
have at her disposal a much greater amount of cheats 
artificial fertilizers than at i)resenl. There is thus 
enough scope frir extension of the hitherto neglected 
artificial fertilizer industry in India. 

This industry has justly attracted attention of 
the National Planning Committee, whose findings 
and recouiniendations with regard to its develo])- 
meiits with Indian resources will undoubtedly help 
in its atlvanceiuent. ('iieater attention needs to be 
liaid to this industry for its extension and improve- 
ment which will add tr) national wealth and pros- 
l»erity.* 
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AKTHaCIAL FlCRTlLIZKRS IN InUIAN SoTLS 


PAVED ROADS REDUCE AUTOMOBILE COSTS 


Likk an elderly book-keeper’s metatarsals, the automobile performs most elTeclively on hard, 
smooth jKfvemeiit. At the Towa vState College, a study of rural mail-carrying vehicles shows that ga.solinc 
«ind oil costs go up substantially as the road changes from pavement to earth, and that maintenance 
costs are even more quickly affected by the nature of the road surface. For the cars used in the test and 
on a basis of 15,000 miles annually a car, the cost of oi)eratioii is i>er cent higher on ’earth roads 
iliJUi it is on pavcK^l roads. 


-The Technology Reviv^af. 



Mysteries of the Microbe 

H. Ghosh 

Indian Institute lor Medical Research, Calcutla. 


I^AvSTTU'K discovmd the* cxislcncc of !)illions upon 
billions of InddL-n lives so minute in size tlial 
some of lliem are discernible only by ma.t'nification 
from (vH) to i.sOi) times ; others arc still invisible 
even l)y the largest ma.enitication that a microscope 
can pnHlnce. The existence of those, which are in- 
visible even through the largest magnification of a 
microscjjjK*. can be demonstrated only by experi- 
mental transmission of the disease germ into animals 
and plants. In baeteriiilogy these latter micro- 
organisms are called ultra microscopic viruses. 

ITvdrofdiobia, encephalitis lethargica (sleeping 
fever), sinall-pox and mosaic diseases of plants are 
caused by these \’iruses. A little brain substance or 
spinal’ cord of a dog dead of hydroi)hobia injected 
into the brain of a rabbit will i)roduc(‘ the infection 
within 4 to 7 days. »Simi 1 nrly a little brain substance 
of a case of encephalitis put on the cornea of a rabbit 
after a tiny scratch on it by a needle will produce 
typical sleeping fever in the rabbit. Pus from the 
pustules of a case of small-pox can ]iroducc small- 
pox when inoculated into a cow or calf. The virus 
plant diseases are in most cases hereditary. In the 
plants grown from seeds of infected parent plants 
the manifestations of the disease can be seen as soon 
as the leaves come out. 

Though Pa.steur was the first to discover the 
existence of micro-organisTris, it would not have been 
possible to "obtain precise data of their existence, 
shape; size, nietlnHl of multiplication etc., without 
the invention of tlJe microscope in 1670, bv the Dutch 
scientist, Teewenhoek. With the help of the micro- 
scope and test tubes, hundreds of varieties of these 
tiny beings have been discovered by producing infec- 
tion caused by these organisms in laboratory animals 
and by biochemical methods. It would however be 
a mistake to hold the micro-organisms as capable only 
Of doipg damage to us. U is not generally known 
that most of them are friendly to human beings, 
helping them in various ways. Some seem to be 
neutral and only a limited number arc harmful. The 


viciousness of these limited numbers has earned a 
very bad name for all of them, b'or a long lime 
scientists were engaged in identifying and isolating 
those micro-organisms which are inimical to human 
lx?ings. riradnally however it has been revealed that 
the activities of the majority of thc.se micro- 
organisms are actually beneficial to human and ])lant 
lives. This aspect of bacterial life is very little known 
except to .scientists. Quietly, and beyond the range 
of human visibility, they perform their beneficial roll- 
in agriculture and industrv, in the alimentary canals 
of man and animals, in the soil, in decaying matters, 
refuse heaiJS, and excreta. The rate of their multi- 
plication is bevond imagination. We latelv worked 
out the number of micro-organisms in the atmosphere 
of Calcutta. It came to too micro-organisms per 
litre of air. If nutrition is good, one micro-organism 
can multiply into too million in 3.4 hmirs. 

The soil bacteria, of which there arc a large 
variety, are responsible for increasing the fertility and 
for nitrification of the soil. The complex organic 
matter of leaves, dead trees, insects, animals, liuman 
and animal excreta are broken up by the soil bactcri.i 
into siiTiider substances which become readily assimil- 
able to the plants for their healthy growth. Detailed 
study of these soil barteria is increasing, and soil- 
bacteriology has now become a specialised and ex- 
tremely important subject of scientific study. Organic 
manure is nothing but the product of bacterial dcrom- 
l)osition and femientation of soil, of animal excreta, 
of dead leaves and trees, and of insects. In the 
nodnlcs of the roots and in the joints of leguminous 
plants there are innumerable micro-organisms which 
convert the atmospheric nitrogen into nitrates which 
arc then readily utilised by the plants. During their 
mclalxilism, the soil bacteria produce a certain amount 
of heat which helps in maintaining the temperatmv 
of the soil recpiired for the growth of vegetable and 
plant byes. 

The fermentative activity of micro-organisms 
extensively utilised in various branches of industry, 
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such as in the preparation of bread, (yeast fennenta- 
tiou) ill manufacturing wine, alcohol and beer. Acetic 
and citric acids also are now l)eiiig manufactured by 
fermentation process, utilising certain varieties of 
moulds and bacteria. Plants for the preparation of 
acetic and citric acids by microbial fermentation are 
now being erected to give products cheaper than 
by the method now in use. The vitamins H and D, 
which are essential for human life, are also being 
prepared from yeast. 

There is a fungus secreting an eii/yme called 
diastase — the active principle of saliva, which con- 
verts starch into sugar. This diastase is isolated and 
used in merlicine for the treatment of patients who 
arc unable to digest starchy foods, or where salivary 
digestion is defective. This particular \'ariely of 
fungus, called Asf^orfiilus ory^ac, is grown in wheat 
luan medium where it grows profusely within 48 to 
72 hours. The starch splitting enzyme is obtained 
from the fluid in suflficient <iuantity. 

In the human intestines there are innumerable 
micro-organisms which help the digestive process. 
I hi hi, a product of great nutritive value, is made by 
llie action of lactic acid bacillus on milk. Lactic 
ai-id bacillus has got the power of destroying other 
liarmfiil bacteria of the intestines, and supidies a 
certain amount of vitamins. Cheese, another valuable 
article of food, is a product of bacterial decomposi- 
tion of casein, a milk pnxluct. Running cheese, or 
what in American term is called ‘lavatory cheese' is 
not lung but cheese in an advanced stage of decom- 
position by these same bacteria. The more decom- 
l)oscd the cheese, the more easily digestible does it 
become. 

In industrial areas the help of micro-organisms is 
availed of in the sewage disposal. The septic tank 
is a place where the sewage is allowed to be acted 
upon by micro-organisms and rendered inolTensive. 
The solid matters of sewage arc almost totally lique- 
licd, and provide a rich source of manure for culti- 
vation. 

I have given above only an outline of the friendly 
ictivities cjf the micro-organisms. The study of the 
iile history of these micro-organisms is extremely 
iutcMcsting. There is a vast ])ossibility of utilising 
I be activities of friendly micro-organisms more and 
'’*'>re in agriculture anti industry. For instance, the 
’•‘ilisation of bacteria, which act upon cellulose, are 
'^bng studied for the production of alcohol from water 
'■yacinth. It appears that the utilisation of bacteria, 
§ 


for tramsforming atmospheric nitrogen into nitrate, 
an essential chemical manure, is another subject 
worth investigating. In Europe it is not possible due 
to extremely cold weather, but in India the high 
temperature energizes their activity in the soil. 

vSonie of the micro-organisms produce beautiful 
pigments — some golden in colour, others leaf green 
or citron colour, and some light scarlet. It is not 
impossible that some day these colouring pigments 
will he utilised as dyes. Some iiiicro-organisms are 
phosphorescent, emitting dislinet light willi which the 
dial of a watch can be read easily. This phosphore- 
scence is supposed to he due to the secretion hy the 
micro-organisms of a substance called luciferin wliieb 
when oxidised by atmospheric oxygen in T)resence of 
luciferase i>rf)diices the li.glit. This light can be 
experimentally produced if a fre.sh saltwater fish is 
kept for 48 hours in 5 per cent salt water with some 
glucose, peptone and glycerine added to it at to^C. 
After 48 hours the fluid and the body of the fish 
will emit light. 

^lost of the micro-organisms prefer warmth for 
tlieir activity and growth, but contrary to the general 
belief they can remain alive longer in cold. In cold 
drinks atul ice-cream, the micro-organisms remain 
alive and as soon as they find suitable nutrition and 
warmth they begin to flourish and multiply as usual, 
often in the intestines of the person drinking cold 
drinks or eating ice-cream. We therefore seem to be 
constantly living in a danger zone. Fortunately there 
is tlie defensive iiieclianism of tlie human Ixxly work- 
ing against all possible dangers of infection. The 
gastric juice containing hydrochloric acid can kill 
most of the iiiicro-orgaiiisms, if the stomach is func- 
tioning normally. Experimental results show that 
cholera bacilli arc killed by i per cent hydrochloric 
acid in less than r hour. Typhoid bacilli are killed 
in less than 7^ hours. Infection takes place mostly 
if contaminated water is taken on an empty stomach 
when there is no hydrochloric acid available. 

During the last war the army paid a heavy toll to 
gas gangrene. There are several varieties* of these 
gas gangrene bacilli. At the Pasteur Institute of 
Paris, T had the opportunity of working on gas 
gangrene bacillus with one of the greatest authorities 
on gas gangrene. Prof. Weinberg, who was specially 
deputed hy the French Government to investigate the 
cause of gas gangrene. One of these gas gangrene 
bacilli, called B. Histolyticus can entirely dissolve the 
skin, muscles, blood* vessels, etc., of a living being 



140 


SCIKNCK AND CULTURE 


Vol. VI, No. 3 


within 24 hours. It is a horrible sight to see an 
animal or a hiiiiiaii I>eing having B. Histolyticus in- 
fection. 

Constant researcli work however has been in 
progress all over the world to Iiiid antidotes against 
each of these inicrosco])ie agents of destruction f)f 
liuiiian lives. Two dilTereiit kinds of antidotes have 
been invented and used successfully against infection 
by these microbes, viz., (/) specilic biological products 
such as anti-sera and vaccines, and (//) specilic chemo- 
therapeutic products, vegetable alkaloids and gluco- 
sides, such as Neosiilvarsan, Hexainiiie, Kmetiiie, 
Quinine, Mercuiial derivatives, Sulphanilamidc, etc. 
Thanks to the discovery of specific anti-sera, tetanus, 
diphtheria and gas gangrene infection can be con- 
trolled and cured if the serum can be administereil in 
time. Towards the end of tlie last war when due 
t() the rigorous blockade, anti-sera could not Ik* im- 
ported into India, many patients died of tetanus, 
diphtheria, cellulitis and erysiiielas. It is a matter 
of great satisfaction that India can now produce 
almost the entire need of anti-sera against the.so 
dangerous infections. 

In recent years research has shown that micro- 
organisms are attacked by still tinier micro-organisms 
called l)acterioj)hage, the existence of which was dis- 
covered by Wort and D’Herelle, rather accidentally. 
These bacterio])hages can be isolated and when the 
specific Ixicterioiihage is ad<led to a culture of H. 
Dysentery, B. Typhoid or B. Cholera, they can 
licpiefy the bacterial body and make them inert. 
These bactcrioi)hages are now used successfully in the 
treatment of dysentery infection of the bacillary type, 
and also with fair success in tyi)hoid and cholera. 


^ Of the harmful micro-organisms against which 
unfortunately no specific remedies have yet been 
found, B. Tuberculosis is the most important. The 
late Professors Calmette and Koch devoted their lives 
to find a remedy against tubercular infection. Failing 
to find a specific remedy, either biological or chemo- 
therapeutic, they turned their investigations to the 
l)revention of luberculosis. Prof. Calmette was able 
lo prepare a prophylactic vaccine called B. C. G. 
vaccine which when given orally within a few weeks 
after the birth of a child tended to prevent infection 
in later life. Cater more work showed that such 
vaccination could in later years avert mild infection 
by Inberciilar Iniccilli but it did not give absolute 
l>rolectioii against massive tubercular infection. The 
present-day method of treatment of tuberculosis is 
based cm rest and nutrition. Long coiifuietl rest of 
the alTeclcd lung, and g(X)d nutritious diet are the 
methods now adojitcd. 

'I'hough no specific remedy is available for the 
Irealmcnt of typhoid, cholera, plague and small-pox, 
these can he successfully prevented by prophylactic 
inocnlaticm of the resi>cclive vaccities. The micro 
organisms responsible for causing epidemic diseases, 
such as chedera, small-pox, plague and typhoid, have 
been long discovered, but the epidemiology has not 
yet Ik'cii preoi.sely understood. Why these diseases 
break out in epidemic form at certain seasons ami 
at certain icx'alities has not yet been solved definitely. 
r.el us boi)e that intensive and patient research will 
find a solution of this problem in the near future.’*' 

• Adapted from a liclure delivered hy the author at 
meeting of the Rotary Clnh of Caleutta. 



An Account of Edible Mushrooms of India 


S. R. Bose 

Projessor of Botany, Carmichael Medical College, Calcutta. 

and 

A. B. Bose 

Botanical Laboratory, Carmichael Medical College, Calcutta. 


Introduction 

J^N India there is no c\dtivation of mushrooms. 

This is due to the sui)erstitious nature of our 
eoiinlrymeii. The idea of raisin.i* Inillles and edihle 
mushrooms on beds of luuse-duujJL or any other ihin^u 
is very reimlsive to the feelin.t;s of the people of 
our country. The mushrooms are .generally picked 
\\\i from the lield, and sold or coiisniueti as such. 

'Phe Hindus and the Mahoiuniedans arc averse 
to eatini* mushrooms. They look down upon these 
;is an inferior type of article of diet. To the non- 
.\ryans mushrooms form an important constituent of 
tlieir food. In the hills and juimles the Santal and 
rahnria women can he seen pickinii baskets of those 
mushrooms uhich they knf)w to be edible. These 
urow so almndaiitly in forests an<l on uncultivated 
tracts that the primitive trilx.-s have never found it 
necessary to cultivate them. The.se can be bought in 
liazars or hats wherever forest and juiij^le tribes 
abound. 

The vSaiitals have an idea that thunder causes 
tile fungi to .sprout. M. A. Henry, in an article in 
the .Scientific .Imerican (Vol. 1.24. No. b, 1921), has 
slmwn that continual discharges of artificial ‘light- 
ning’ produced by a large static machine caused a 
wry marked effect on si)eed of growth and size of 
tl>e cultivated mu.shro(mis. 'Phis experiment thus 
coiifirins 4 he Santals* popular belief. The edible 
nmshrooins are much used in curry, and some of 
•l)ese constitute first class delicacies. The Saiitals 
>niehow have no difficulty in distinguishing the 
■dihle from the poisonous varieties. Hut on the 
•ther hand, cattle are known to die after taking 
l^oi .sonous mushrooms . 


Here follows a list of the varieties of mushrooms 
eaten by the Santals. The probable botanical names 
are given side by side In the Memoirs of the Royal 
Asiatic Society of Bengal (Vol. 10, part 2, 1940) 
Rev. P. (). Boding has given a long list of Santali 
names (»f edible mushrooms. 

IHn ol, snake iiiuslirootii, .so named from shape*. (Probably 
Lepiota mastoiilcs). 

liunum ol, lit. whitc-ant liill mushroom {hoiloloma, macro- 
carpum) so called because it is found on white-ant 
hills. Con.sidercd delicnais. 

Busup ot, lit. straw mushroom tciaslius) \ found 

growing on old, often decayed .straw. Considered gtxxl. 

I^ak Mamii ot, lit. rice-griicd iiiushnHmi. Considered 
savoury. {Ktitoloina microcai piini) . 

(iopha ot, a ver> large kind oJ edihle mushnmm {Collybia 
albumiiuKsa), 

llundri gopha ol , a mnshr«.K»m j.aid It* he inloxiealing hut 
.sometime eaten. (.A variety t)f Collybitj albuminosa). 

Ila^a ot, lil. earth mushrrjoni. h'ateii l>oiU‘l. l*ouml in 
Asar and Bhadra (.I.s’iu/ims aimpi"itris). 

liati ot, lit. elephant mushroom iBolctus sp.), large, bad- 
.smelling. Rarc^ .said ti> be eaten only by 'dd people. 

lluriit ot, lit. tree-stump miislinKiin (Lentimis i^ubnudus). 
Hatcn iKMlod. There are two s]H.'eies ; Sisir hiirut ol. 
lit. dew tree slump mnslirorim, also called simply Sisir 
ot found after the rains have ceasbd ; and pond ot. lit. 
white mushroom {l.cntimis subnudu.<i) found during the 
rains. Both eatin hoileil. 

Kat ot, lit. wood niushroDin, found growing on tree-stumps 
[Plcu rota s ostc real 11.^) . 

Kartia ot. lit. hitter mushroom (Pu(l-V)all) ; named due to 
the taste. Found in Bhadra. 

Kama patka ot, (variety of Puff-hall). 

Kod ot, so called on account of its black colour, resembling 
the fruit of the Kod, TCugenia jambolana, Lamk. 
{Coprinus comatus). 
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Mat ol, lit. bamboo iiiut.br()oiii {CoHybia sp.) because it is 
found growing on stumps of the bill bamboo. Coiisi- 
• Icred very savoury. 

Motam ol, Besides being eaten as an ordinary fo»jd it is 
given to persons suffering from sinall-pox, because it 
is believed to bring out llie eriiplum. {vuricly oj 
Collyhia albmnino:ia). 

Mitci ol, lit. the Aluclii’.s nmsliroum (a variety of Enloloma 
nihwcarpum). 

Miirum ol, possibly so named owing to its colour, as murum 
means reddish (C/iii'tiiui &p). 

Or tot ot, lit. pulled out mushroom, .so called, beeause the 
whole of the mushroom (rooting Collyhia dlhiiininosa) 
is pulled out of tile ground. 

Otcc ol, lit. burst open mushroom (variety of Collyhia 
alhuniinosa). It is white in colour and commonly found 
in August. 

I'atka ol, (rufl-ball). 

Bond kat ot^ lit. white wood mushroom, a variety of Kal 
ot (I'lciirotiis sp). 

Bond lomar ot, a whitish variety of the tormat ot (a variety 
of (j'eastcr), 

Biilka, the puff ball, a fun.gus ol the Lycopcrdait'ac familv. 
'l‘he Saiitals recognise the following etlible varieties. 
lirok piilka lit. sow pulf ball, so calle.d because it 
appears* at sowing time, earlier than the other putka 
it is also called hor putka, I^ycopcrdon giganlciim, 
Calyatia sp., lit. man pull ball and Riihnipulka, be- 
cause it may be gathered during ruhni; rote putka, lit. 
frog puff-ball, a small kind; seta pulka, lit. dog pulf 
ball (Trullle) which has a rough surface. The Santals 
very much relish eating these naturally in their earlv 
stage of growth. 

Rote ot^ lit, frog mushroom (small puff ball). 

:ieta ol, lit. dog mushroom; the same as seta putka (Trullle). 
Sim ot, lit. fowl mushroom, reddish in colour [LauLUarcllus 
ciharius ) . 

.'sisir ot, lit. dew mushroom, found growing on stumps of 
the Srd tree [Cenliims suhnuUus). 

l ormar ot, Ivateii, but not very common {Cca^ster sp). 

J'umba ot, lit. gourd-shell mushroom, of a large round 
shape (Bovisla giganf<;u). 

As rcgartls mushrooms, a Sautal writes, ‘Mush- 
rooms 'sprout from decayed leaves or straw, and from 
white-aut hill aud* cowdung. We boil them in oil 
adding spices, add a little rase, sauce, soup and eat 
them. Sometimes we also make a hash of them, 
cooking them with rice. A few kinds, we also eat 
raw*. 

liadeii Powell and others gathered a great deal 
of information on edible mushrooms in India. Their 
observations were published in Indian Agriculturist, 
Journals of the Agri-Horticultural Society of India, 
and other local journals (1863-1911). Baden Powell 


noted three kinds of edilde niushrooms in the Punjab 
(11S63) ; (/) The mushroom {Agaricus campeslris), 
(//) The morel {Morcliella esculenta), aud (m) Trufile 
(Tuber). 

Later in i.SSb, scmie fine specimens of mushrooms 
were grown by Mr. II. W. Newton and exhibited at 
the annual sliow of Agri-Horticullural Society of 
India. It was entirely a private attempt and created 
a good (leal of interest. In 1908 there was a thorough 
and searching emiuiry inslitnled by vSir David Praiii 
about the edible mii.shrooms from all parts of India. 
It attracted bis attention as it was used as famine- 
food in different i>arts of our country, specially among 
the poor during the famine of 1 896-97. 


PUNOl AS F(X)I) 

Fungi have probably been eaten from prehistoiie 
times. Pliny slates that fungi are the ‘only food 
which dainty voinptnaries themselves i)repare with 
their own hands and thus, as it were, by anticiiiatioii 
feed on tliem, using aml)er knives and silver service*. 

The delicate ai>pearance of some of the edible 
fungi has from lime iinnieimjrial tempted man to nse 
(hem as articles of f(jod. It is used extensively in the 
dry regions of Bengal, and also in the valley ol 
Kashmir. 'I'liere is a large demand for niushroom 
among the Biiriiie.se people. The varieties known 
in Bengal are the following (vide Protap Chandi-i 
Ohosa in Indian Agriculturist, April 3, 1S86) : 

(i) Thiidki-Chhatu (the small and the large), 
(ii) Tuwal-Chhalu, (iii) Kadan-Chhalu, (iv) Ihirga- 
(hlialu, (v) UrjCChhaiu, (iv) Kud~kudi Chaitu, 
(vii) Kal^Chhatu, (viii) (iovar-Chhatu, (ix) Indu- 
( hhiUu, (x) Paciuoi-CiiliaLii, (xi) Kondka-Chlialu, 
and (.xii) (iundurorChhatu. 

Of the.se nos. (vii), (viii), (xi), are considered 
unfit for food. None of the above named 12 varjctie.s 
of trufllcs and mushrooms are cultivated in Bengal. 
Some attempt to raise a few poor specimens of PirivaC 
thhatu by allowing waste straw to rot in a hea]). 
riiey depend on chance for tile germination of these 
niushrooins. 

• 

Tlic nutritive tpiality of fungi has been (jiies 
tioned in recent years. Numerous analyses have been 
made of edible fungi. The composition varies h’l 
different species, and there is considerable variatic’’ 
ill the analyses given for the same fungus, probald \ 
owing to the composition varying with age ami 
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(lifTeri’ng in different partvS ; a yoiinj^ specimen is more 
milritious than an old one, the cap more nutritions 
than the stem. 

Chemical analysis of some local mushrooms were 
carried out by Dr C. B. Roy, late Demonstrator of 
Cliemical physiology at the Calcutta Medical College, 
lo whom our sincere thanks are due. From the 
lollowing table of analysis, it will ap])ear that some 
of them are even sui)erior to the Fhiglish mushroom : 
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From the table it is evident that our local 
‘liiricus campeslris (Fig. i) is much richer in protein 
diaii the English Agaricus, it is also richer in fat than 
I'oth the English and the American members of the 
'^aiiie species. Collybia albuminosa, which is called in 
kx'al vernacular '*Durga Chaltu*’, is much richer than 
Withers. In the amount of water they contain, fungi 
' seinble green vegetables. In certain regions 
‘■’•dicr where the country is infertile or where 


primitive tribes abound, fungi form the main 
food, as in h'liegia, where Cyttaria is staple food 
during many months of the year. The amount 
of nutrient in mushrooms is very small. It is mainly 
as condiments that they are valuab Meat, bread, 



I'k;. 1. ICdiblf luiislirouiii 
I,ocal A^uHlus campestris 


beaus, are very nourishing, but who wauls U) eat 
these at all times? The chief value of mushrooms 
is that they ac:t as appetisers, giving variety and 
flavour to other more nutritious food. They are also 
very rich in vitamins. 


PoivSONOus MusiiKgoMs 

.\t most there are not more than a dozen poison- 
ous kinds that must be avoided at all cost whereas 
the edible s])ecies number more than a hundred. 
Prof. Peck lists close to .j<x> species that have an un- 
blemished reputation for edibility. In order to avoid 
l>oisoning by mushroom the best way is to know the 
killers first — to recognise them by sight* and then to 
be able to pick out the edible kinds. Many writers 
give general rules as to the kinds of mushrooms to 
avoid, such as tlio'ip with a volva or a sack, those 
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with pink spores, tliose .mowing in woods etc. These 
rules are of some value. Jhil the one golden rule, 
not to eat a fungus until its identity is certain, will 
avoid accidents. The fungus selected may l>e sent to 
a specialist for deteriiiination. 

Among the poisonous mushrooms the deadly 
Amanitas and fals(.^ morels {(iyromilm) take the lead. 
The worst poisonous si)ecies are in the genus Amanila 
{Amanita f^halloidcs and Atnanita muscaria) (Fig. j). 


. I* 10. 2. Two poiboiious iiuishnM»ins 
(«) Amanila muscaiia, {b) Amanila f'halloiticy 

So it is always safer to go by some general rules for 
the l)eginncrs in order to avoid the genus Amanita, 
and to avoid all that are no longer fresh and firm or 
which have small Inirrows due to grubs. Avoid all 
that have a powerful peppery or nauseous taste. 
Avoid those with a milky juice. To know the easily 
recognised Amanita group settles the <iuestion of an>' 
great danger to life in eating inushroonis. 

Let us dwell a little on the characters by which 
they are recognised, i^irst of all, when young “in 
the button”, they are egg-shaped and comi)letely 
enclosed in a veil or .sac (called volvaj which ruptures, 
as the cap i)fishes upwards, and remains attached at 
or neav the bulbous base as a cup with fragments or 
warts (appropriately known as the “death cup”). In 
order to recognise tlii.s most important marking it 
may be necessary to dig up the Amanila with care as 
the cup may be concealed below the ground. If you 
cut off the fungus above the cup, you might easily 
be led -to exclaim “No cup, therefore safe to eat”. 
Secondly, the Amanitas have a ring on the stem 
above the cni), ju.st lK.dow the cap. The Amanitas 
grow on the ground, never on trees. I.astly, many 
of the poisonous Amanitas are further di.stingui.shed 
from our edible mushrooms by ^having white gills, 


Vol. VI, No. 3 

and if the caps are laid on a i>iece of paper' when 
mature, they all shed white spores whereas Psallioia 
(Ajfartcus) camf>cs/ris sheds dark purplish spores. 
In '‘/^rahasJii'' of Aswin, 13.U (Sept. 1930) (a Bengali 
monthly from Calcutta) one of us (S. R. Bose) des- 
cribed in detail, the points of distinction between the 
common edible mushrooms and the deadly poisonous 
ones in the field, with coloured plates of the edible 
Ajiraricus ram/h.sfris and the poisonous Amanita 
muscaria as well as of the Amanila plialloidcs. 

Russula cmvlica is poisonous (iiiuscarin is prevSent 
in this species). In (iyromilra csculcnia the cap is 
more or less convoluted, brain-like in appearance. 
Its poisonous jniiiciple, helvellic acid, has Ixjcn iso- 
lated. In tJie imrple-brovvn spored group 1 1 yplioloma 
fascicuhire and .several si)ecies of Stropharia are 
reckoned as undesirable stuff. Payiaeolus species 
with their bl.'ick si>orcs, though not extremely 
lM.)isonoiis, can be the cause of considerable anxiety. 

Tvi'Ks oi' Mu.snkiM)M-i*()is()Nix(; 

Ford recognizes five types of mushroom- 
poisoning. 

(1) (tuslro-inteslinal lyi>e, cliaracterivScd by earl\ 
symptoms of nausea, vomiting and diarrhoea. 
Rarely fatal. Causative mushroom ; Russula cmclica. 

(2) Cholerifonii type, gaslro-intestinal syniptoni> 
developing in trom 10 to 15 hours, follow’cd by rapid 
loss of strength and weight. The death rate is high. 
Causative mn.shroom : Amanita phalloides (and 
closely related species). Tt is reported that an anti- 
to.xic serum against the poisons of Amanita 
phalloidcs has been prepared. In the Bayer*s labora- 
tory at Munich tiiey isolated in October 1938 tlic 
poisonous principle of A. pliaLloides, which they 
have named “Phalloidin”. It generally causes rapid 
fall of the blood sugar which can be restored bv 
administration of a suitable amount of glucose.* 

(3) Nerve-affectiiig type, early gastro-intestinal 
symptoms terminating in violent convulsions, deli- 
rium, coma and often in death. The active poisonous 
principle is ninscarin, for which the perfect aiui- 
dote is atropin. Causative mushroom : * Amanila 
muscaria. 

(4) Bloo(l-di.ssolving tyi>e, abdominal distress, 
followed by jaundice. Death may occur. Blood 
transfusion is suggested by Ford as the logical treat 
ment. Causative mushroom : Gyromiira esculenia- 
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(5) Cerebral type, transient syiiiptoins appear 
shortly after the meal. They are exhilaration, stag- 
gering gait, and queer disturbances of vision. Causa- 
tive mushrooms : various species of Panacolus. 

CoMRfoN KDiBijc Mushrooms 

Among the edible iiiushnMmis Ihe names of Puff- 
balls, the IMorel, the Colden chantrelle, the Cepe, and 
llie cultivated meadow mushroom are well known. 
In the Agricultural Journal of India vol. XVI, 1921, 
a list of common edible mushrooms has been given 
liy one of us (S. R. Ro.se) with chemical analyses of 
SI line. Among the common edible mu.shroonis of 
lieiigal the following may be mentioned : — W^haria 
IcrasliuSf l^olvaria dif^lasia, C'ollybia alhuminosii ^ 
l.cfyiota mastoides, Rntoloma wicrocarpuni, Agaricus 
campestris and some small imff-balls from Rankura. 
Collybia albuminosa is called in loc'al vernacular 
‘ nurga-ChhaliP (as it appears in Septeml>er to Octo- 
ber, usually during the time of Durga Puja cere- 
mony). Urji~Chhatu is considered as the most deli- 
cate ill flavour in Reiigal. They are found generally 
under the ant-hills. In Rankura and Rirblium dis- 
tricts these arc collected by the low-caste <lwellers of 
tile forest, and .sold to the villagers in exchange of 
rice, tobacco, or siilt. .\ kind of polao is made with 
these mushrooms and it is considered not at all 
inferior to pohio made with meat. 

Wdien ill prime condition, the interior of the large 
piilT-balls is solid and pure white. Indeed the niush- 
rooni .simulates a g(jod sized ball of cottage cheese 
covered by a skin that later bursts and spores are 
set free. When the s] ►ore-ripening process starts, 
yellowish brown droplets appear as soon as a knife is 
passed through the body of the inushrooni. iVl this 
stage the .substance is no longer fit for food, a dis- 
tinct bitterness having developed. There are 2 
species worth mentioning viz., Lycopvrdon saccafunt, 
giganlcum. The smaller imff-balls, f.ycopcrdon 
gemmatum and L. piriformc are also etlible, but in 
tliese the spores ripen very soon and hence it is 
lather uncommon to find them in the proper stage 

h»r l>eing eaten. 

• 

With the exception of Clnvaria diclioloma, a 
slender, regularly branched, flaccid, pinkish-white 
'^pecics, all Clavarias arc SJife to eat. In C. fusiformis 
tile plant consists of a tuft of clubs. These are not 
1 the very best taste, but in the .absence of better 
' iiids or as hulk-makers u itli others, they are not tf> 
' ' iffpored. 


Perhaps the easiest of all edible mushrooms to 
recognize is the Morel, MorchcUa esc ul on la. It is 
a great favourite r)f the Kuropeans. 'fhe only poison- 
ous species that may be collected in its place is the 
False* Morel, (iyromitra esculcnla. The distinction 
lies in the character of the cap. The true Morel has 
a pitted head, whereas the false one has the caj) 
convoluted like a brain. Canlliareltus cibarius, the 
Golden Chantrelle, is highly prized by mushroom- 
lovers. Rearing not less than two hundred pet names 
in the countries of Kurope it has Ikxu a favourite 
for more than four centuries. It is a small mushroom 
with a trumpet-like shape, but with a solid, imper- 
forated IhkIv, with blunl-edged and much inter-grown 
gills, and with a colour like that of the yolk of an 
egg fried hard. Roth MorchcUa esculcnla and 
Cantharellus cibarius (called in vernacular “Pastu**) 
arc sold in the markets of Peshwar and T^ahore in 
the dried .state at a high ])rice. Cantharellus 
aurantiacus is an unwholesome species, though edible. 
In the Ka.shmere valley the guchlia is much used. 
This mushroom has the closest resemblance to the 
truffles ( = sp. of Tuber) of Tuirojic. If is sold in 
Kashmir shojis in a dry state, and the older the 
article the greater is its value. The Kashmiris seem 
to be aware of the fact that the objectionable tiro- 
pcrtics of fungi are minimized liy keeping. 

Hydnum coralloides, growing on decomposed 
slumps of Deodar trees, has been reported to be edible 
from Debra Dun area but Krieger remarks that it is 
not Si> tasteful. The trumpet-shaped Cralerellus, C. 
cornucopioides is another fungus that can be gathered 
and eaten without trepidation. 

Among the tough fleshy Poly pores (l)rackct 
fungi) only young specimens of three <^r four species 
arc sufllciently tender to serve as food. Perhaps the 
best known is the Beefsteak, Fistulina hcpafica ; it 
was reported from Darjeeling by Hooker. A sure sign 
that one has got the si)ecies is the strafige movability 
of the skin of the upper surface. Due to the under- 
lying gelatinous laver this skin can be pushed exactly 
like the skin on the back of an open hand. Only the 
young knob-like beginnings of caps of the chicken • 
mushroom, Polypoius sulphurrus, should be eaten, it 
grows on trunks of Kucalyptus trees in Shillong 
(Assam) . 

Coming to the white-spored gill mushrooms the 
danger zone is entered, for the deadly Amanitas Ixj- 
long to this group. The Umbrella mushroom, Lepiota 
procera, can be safely eaten. It is a tall mushroom, 
and though in comiflon with the Amanitas it has white 
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spores, there are clear distiiiKnishing features such as 
—the unibonate cap, the scales on the cap, the thick 
rin^^ (which in older plants can Ik? moved up and 
down like an encircling; bracket) ; the base of the 
stem, thou.eh eiilareed, bears no trace of scales, or 
bag-like volva. To those using a micnwcope the 
spores offer an additional means of identification, 
spores of Lepiota proccra ; Ovate, r<S // in length ; 
spores of Amanita muscaria: Round, q n in diameter. 
Cotlybiii vchttipcs is also used by some enthusiasts. 
Its taste is rather insipid. 

The imrplc-brown spored series is quite safe for 
the timid jnveophagists. This is true, above all, of 
the genus Psalliota which contains the meadow mnsh- 
rooin /\v(i///()/a (.Igar/rax) earners'/ m. A group of 
fairy rings of .Igar/cax campestris was noticed in the 
lawn of the conipoiind of Prof. S. N. Rose, the Dean 
of the Faculty of Science of the Dacca TTniversity 
on :26lh Afay, 1040 ; the specimen on exaniinatioii 
was found to be mostly two-spored and some had 
three-spored basidia in the hymenium. On the 
southern side of the Calcutta Fort in the maidan in 
June, i()1o, two fairy rings of .lgarirn.9 cauiprslris, 
each j ft. 2 in. in dijunetcr, were found ; these 
specimens on examination slmwed two to three spores 
on their basidia. Adjacent to this sr»ot a wider ring 
(7 ft. ^ in. in diameter) of edible TA'coperdon (Puff 
ball) could be seen. These fairy rings of mushrooms 
arc usually known to expand in diameter every year. 


Ctti.tiv.\tI( )N 01? Musiir<kims 

1'here is no regular cultivation of mushrooms in 
India fur the market. It is rumoured that serious 
attempts are being made in Sind to cultivate mush- 
rooms on a commercial scale. There is a large 
demand for mushr(K)ms among the Burmese people. 
Recently in 1^036, experiments on the cultivation of 
yoharia diplasia (the edible mushroom) have been 
successfully cavrie(\ out in the Agricultural College, 
Mandalay (Burma) from which the local pcofile obtain 
supply of pure spawn to grow mu.shroom in their own 
fields. Spawns of Volvaria diplasia arc sold in flasks 
by the Agricultural Department. The spawn is pre- 
pared in the laboratory. Spores can lx; germinated 
but it is found more convenient to take a piece of the 
tissue from the inside of a button which has been 
sterih'sod outside. The li.s.sue is cultured first on 
yuakcr fiats, then on Brown’s medium and ultimately 
transferred to sterilised straw or dung (of cow or 
horse). It becomes ready in abftut a month’s time. 


In Burma, production is, of course, the best during 
the rains but it is possible to cultivate it from March 
to the end of October. Di* ly. N. Seth of Mandalay is 
st)on liringiiig out a paper on “Cultivation of Straw 
Mushroom (Wdvaiia diplasia) in Burma** in the Indian 
Farming in course of the current year. 

There are many wild siiecies of edible mushrooms 
in our country but those commonly used as food and 
grown privately are varieties of Psallioia (Agaricus) 
campestris and I*, arvensis. Several other kinds of 
fleshy mushrooms are sold in Asia and Europe. The 
Cepes and truflles of Europe, the Karnes of North 
Africa, the vShii-take and Matsu-take of Japan are 
familiar to the mycophagist. In Europe and America 
there is a great demand for cultivated mushrooms. 
In those criuntries the cultivation of mushrooms in 
specially constructed buildings, in old ice houses, 
in abandoned mines, tunnels, fiuarries, and in other 
places, has in the past few years steadily increased, 

Mushrf)om can be grown all the year round, if the 
temperature suitable for their proper develojunent 
can be maintained. In deep caves and mines this is 
possible without artificial heat in winter or refrigera- 
tion in summer ; above ground it is rather exi>ensive 
to .secure either of the conditions stated abov’c. It 
for this rea.son that the .small grower begins opera- 
tions in early winter. 

Mushroom Bkt> 

111 cultivating mu.shrooms a suitable place for 
growing them is the first consideration. A cool 
closed shade or outhou.se, or a vacant room in a 
disused building, with only sufficient openings to 
admit of a little air and sulxlued light will make the 
most suitable plot for cultivation of mushrooms. The 
next step is the preparation of the bed (Fig. 3). This 
is done carefully in the following manner : — F'resh 
horse droppings, if possible of well-fed and sturdy, ani- 
mals, freed from grass and straw, is daily collected, 
and kept under cover of a shed or outhouse, sr>rca<l 
thinly over the floor to prevent premature fermenta- 
tion. WHien sufficient quantity has been collected to 
form a bed, 3 ft. broad, 3 ft. deep and any length from 
6 ft. upwards, formation may then l)e commenced. 
To secure perfect drainage, the foundation of the bod 
should consist of a layer of broken bricks 3 inches 
deep. A layer of droppings, 10 inches deep, tramped 
firmly down, .should then follow, next a layer of eartli 
2 inches deep, composed of two i)arts of good friabk 
garden soil, one part of decomposed cowdung, and 
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one part of decomposed sheep or goat dung ; then 
A second layer of droppings of the same depth as the 
first, trampled firmly down as before and covered with 
the mixture of soil as before ; and finally a third 
lo-inch layer of droppings, also trampled firmly down 
with a covering of earth, but the latter need only be 
an inch deep, and should not lx; added until after 
the first most violent fermentative action has passed 
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Spawn is contained in hard solid bricks, formed 
of dried cow and horse-dung. It should be broken 
into pieces two inches sciuare, and inserted in the 
fermenting material of the bed an inch deep, and at 
6 inches apart. After insertion of the spawn, the bed 
should be finished off with its final coating of earth, 
and the latter kept dry for a time. If the spawn is 
good, it will grow actively in 8 or lo days, and in the 
course of 15 or 20 days it will take possession of the 



I' 10. 3. Mushruom-beds reutly for spawning 


An Account op Edible Mushrooms of India 


.\ second i)lan of forming lieds is to mix the 
Iiorse-drojipings w ith decoinpo.sed cow dung, gtxid 
garden soil, and goat or sheep dung. The last three 
ingredients should be in e(iual proportions and whui 
mixed together, should be etiual t(j one-lifth of the 
I)ulk of the droppings. The whole should then be 
WL'll mixed and laid over the foundation of broken 
bricks to a depth of 3 feet, pressing firmly down, and 
tiiiishing off with an inch of gocxl soil as a covering, 
■liltr active fertneiilation has ceasetl. Should the drop- 
pings become too dry after collection, they may be 
imnsteiied with water before being formed into a bed, 
P' the same degree as when freshly depo.siled. After 
a bed has lieen formed, it should be allowed to ferment 
or 15 days, and when the temperature has 
"‘"led down to 90® or 85°F., it is ready to receive 
iw'ii and its upper covering of the earth. The tcin- 
I ’ dure may be taken by making a hole perpendi- 
‘ li.irly through the centre of the bed, large enoiigli 
p insert a thermometer. 


wdiole bed. It is however advisable to examine the 
bed every few* ilays and replace such spawn as does 
not thrive, w hich can be seen by the absence of white 
filaments in the surrounding material. If culture is 
carried on in a closed room, nothing further requires 
lo be dune but lo w ait fur the appearance of the crop, 
which may occur at any time from six weeks to two 
aud a half months from the date of siiaw'iiing. If, 
however, the bed is placed in the open„ or in a’ struc- 
ture not free from draughts of cold aif, it must be 
coverc<l with straw' loosely thrown over to keep a 
uniform temperature all round it. After the mush- 
rooms Iwgin to ai)])ear or ev’cii before they begin to 
appear if the soil on the surface of the bed licconu* 
very dry, lukewarm water should be given Irom a 
watering pot wdth a fine rose two or three times 
a week. 

When l)cds first iDCgin bearing, the crop is gene- 
rally very prolific, but in course of time the quantity 
produced will naturally fall off. When this Is seen 
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to Ik‘ the case, the bed can l^e stimulated into renewed 
vigour by Jipplying liquid tnanurc twice a week made 
up as follows : Take fresh cow-dung to seers, goat 
or sheep dung sheers, fowl manure % a seer, salt- 
petre 4 ounces, water lo gallons, and stir the whole 
together, allow the solids to settle, and water with 
the supernatant liquid. 

In order to maintain a succession of mushrooms, 
it is advisable to possess several beds made uj) at 
intervals of about six weeks. Hy having beds in 
bearing, and beds in coiir.se of formation in the same 
room, the heat given off in fermentation will lie of 
great as.sistance in maintaining the temperature al an 
even genial figure. 

KfCClCNT AfKTITOl) or PrRK COI.TURK Ot’ Sl*.\VVN 

While f)n the subject of tlie culture of the mush- 
room-spawn it may be pointed out that Dr Cayley 
{Aunals of A Implied l^wlo^y, Vol. XXIV, Xo. .i, 
pj). May io,v) has remarked that the popular 

idea that .the horse is necessary for the growth of 
the mu-shroom is a fallacy and that the cultivated 
varieties would develo]) normally without manure or 
urea in artificial media. vShe has tried artificial com- 
posts for growing spawns of all forms of mushrooms, 
both wild and cultivated. As a result of several 
trials she recommends the following standard un- 
fermented coiiqiost : d g. dry cho])i)ed straw ; 2 g. 
dry chopped hay per lube ; 2 g. crushed oats and 
oz. coarse sand (prexiously washed and dried). The 
straw and hay are thoronghly mixed and moistened 
with lo c.c. rain water ; the crushed f»ats and dry 
sfind are then mixed in the compost placed in the 
tube and i>ressed <lown lightly, and a layer of dry 
sand placed on the surface of the compost. The 
whole is then again moistened with lo c'.c. of 
nutrient solution and sterilized on three successive 
days (P'ig. 4I. 'file compost will then lx‘ moist but 
not too wet, and the superfluous li<|uid which drains 

to the lx)ttom of tl:we tube should not Ix' more than % 

• ' 

to 1 c.c. deep. It is essential that the compost should 
not be Siitnratcd as the mycelium retiuires aeration. 
The crushed oats serve as additional nutriment. 

In a subsequent paper Dr D. M. Cayley {Annals 
of Applied Biology, Vol. XXV, No. 2, Pp- .>22-340, 
May, 1938) has supplied the details as to ingredients 
and mpthods of treating artificial composts. The 
results of her tests show that previous high tempera- 
ture fcrincntation of the compost is not essential for 
the growth of the mushroom itself, although in the 


case of the saprophytic cultivated 'varieties, previous 
fermentation may make the necessary nutritive in- 
gredients more easily available lo the fungus. Her 
experiments definitely show that the two wild grass 
land species l\sallioia campesiris and /^ arvensis will 
not grow on either fermented manure or any fer- 
mented artificial compost so far tested, but spawn 
grows quite freely on nnferincnted freshly stcri- 
lisc*d straw and hay, and that mainly proteins, 
heinicelliilo.SL- and cclhilo.se are required by the 
fungus during the earlier stages of growth but 



I'u;. 4. Pure eullure of iiiu^lirooni spawn in arlif'iei il 
compost, Rdible innslinxniis li.-vr appeared within 
4 of llie ( nltnre-jars. 

llial lignin or lignin-derivatives may possibly be 
necessary for fnictificalion. At p. 324 she has 
remarked that ‘in view of the fact that, up to 
the present time, stable manure has been almost 
exclusively used for iiui.shroom Ixds by. the trade and 
private growers, the ingredients for the- artificial com- 
posts described in this paper were based on the food 
of horses, namely, hay, grass and crushed oats, witli 
the a<lditioii of straw. These ingredients are easil> 
obtainable in this country, and at a low cost*. In 
paiKjr in i93tS {Journal of the Royal Hortkulturol 
Society, Vol. rXin, Part 7, pj). 325-333i ^ 93 ^) 
remarks that an ideal manure for mushrooms is still 
wanting. 

Rkcent Literature on Edible Mushrooms 

The Ministry of Agriculture and Eisheric>. 
England, issued a handbook on tnushroom-growin' 
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ill 193T (Uulleiin no. 34) where the recent iiietlnxls 
of cultivation of edible iniishroonis of En>^laii<l are 
fully vSet out ; in 1934 they issued a handbook on 
edible and poisonous fungi with coloured plates as 
HiiUeLin no. 23. Ramsbottom (1929 — Fungi. Beiin’s 
six penny library) has also liriefly dealt with the 
eoinmon method of mushroom cultivation adoiited in 
Imgland. Recently in 1934, Di* J. H. Cleland brought 
out two volumes on Toadstools and Mushrooms of 
South Australia, where he has dealt with fungi as 
Io(hI and with j^reparation of mushrooms for fot^l. 
b. C. C. Krieger, mycologist of the New York State 
Museum, ]mblished in 1936 a very informative 
volume — The Mushroom Handbook — with many 

pliotographs and coloured drawings of American 
iiiushrooin.s. In i93«S, Sanshi Imai in the Journal of 
I he Faculty of Agriculture, (Hokkaido Imperial Ibii- 
wrsily, Vol. XIJI, Part 2) has dealt with Agaricaceae 
of Hokkaido where he remarked that ‘the edible 
Igarics in Hokkaido comprise one hundred and 


eighty one .species and four forms. Among them, 
the fungi suitable for market are seventy four species 
and two forms’. In the Fhilippinc Journal of Science 
(Vol. 65 Nos. 1-2, Jan.— Peb., 1938) J. M. Mendoza 
has elaborately dealt with Philippine mushrooms, 
their methods of cultivation, preparation of mush- 
rooms for the table etc., wdth several plates. An 
article by Dr E. N. Seth (of Agricultural College, 
Mandalay) on the “Cultivation of Straw Mushrooms 
(Volvaria diplasia)” in Hurma is, we understand, soon 
coming out in “Indian h'arming” (Agricultural Re- 
search Institute, New Delhi) in course of the current 
year (104^)). 

In Bengal steps should be immediately taken for 
the cultivation of our local edible mushrooms by the 
Bengal Agricultural Department according to the 
lines suggested by Prof. Bose in the concluding part 
of his paper on “Possibilities of Mushroom Industry 
in India by Cultivation” in Agticuliural Journal of 
India, Vol. XVI, Part VI, 1921. 


RELIGION IN SCIENTIFIC ERA 


TiiK entire history of the contact ot religion and science shows that the facts of the world and of 
life which are capable of observation and test, constitute a realm in which science is supreme. Science 
lias not supplanted and cannot supplant or destroy religion in the proper sense. It can, however, give 
a setting to which our thoughts on religious matters must coiiforiii. Science has continually forced 
aieii to take an ever wider and grander concept of religion by breaking down artificial barriers qf ignorance 
and superstition. Its whole tendency has been to emphasize the fundamentally spiritual character of religion 
as representing the highest ideals and aspirations of mankind as opposed to theological, rules, doctrines, 
theories, and so on. Science has therefore had tremendous influence in shifting the emphasis of religion from 
the physical to the spiritual world, and we must not shut our eyes to the possibility of still further 
I'^nverful influence of this sort. 

Sciei;ce has thus helped to make religion into a developing, dynamic spiritual force. I believe that 
thij principal influence of science upon religion has been along the following lines ; first, to break down 
"aiitliority” and substitute reason based upon facts of observation ; second, to eliminate superstition and 
I’iiit aiiery from religion ; third, to tloom any religion of the static type and cniphasizc the necessity for a 
^'“idinual development of religious thought to keep pace with and interpret the increasing knowledge re- 
I ding all matters which pertain to man’s activities and environment. 


— Karl T. Compton. 
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Introduction 

A RKMARKABLK type of sudden and violent 

disturbance to world radio traffic has in rec-ent 
years received considerable attention, not only of 
radio eiiKineers imt also of physicists and astro- 
physicists. The disturbance, connnonly knouu as 
radio fade-out, consists in the weakening or co.nplele 
cessation of short and medium wave radio signa s, 
lasting from a few niinules to aliout an hour or more, 
over the whole sunlit lieinisphere of the earth, U'e 
“fade-out” (of short and medium wave signals) is 
accoi'iipaiiied by enhancement of long wave signa 
strength and of atmospherics and by otbei teriestri. 
effects. The magnetic field at the surface o llie earth 
as well as the “earth currents” in the sunlit iHirtion 
of the hemisphere are observed to undergo sudden 
changes. Simultaneously with these, inteiisedy lumi- 
nous Iiatches are found to have develolied on the 
solar disc. 

The elTecls associated with the fadc-oiit, thouj^l- 
they have lieeii receiving attention only in recent 
years, did not escape the notice of earlier solar phy- 
sicists. We niav mention, for instance, that a iwssible 
relation between bright solar patches and sudden 
variation of terrestrial magnetism was hinted alxmt 
8o years ago by an Knglish astronomer Carringtc..i _ 
who" had observed visually patches of intently 
bright ami- whfte light on the solar disc while 
watching sunsiwts on vSeptember i, iSsg at iili. 
i8m G M.T. Having no photographic arrange- 
ment at hand, he drew a sketch of the observed 
patches shown in Fig. Two days later it was 
discovered that almost simiiltaneoiisly with this solar 
appearance iiiagnetogram records at the Kew Oliser- 
•vatoty had registered sudden abnormal changes in 
all the three magnetic elements. The simultaneity 
of the two events excited considerable interest at that 
time but no importance was attached to its possible 
significance as it was thought that ^he observed 


coincidence of solar eruption and magnetic disturb- 
ance was a spurious one. 



Appearance of bright and white patches (marked A and IJi 
on solar disc as sketched by (.'arrington on September 1. 
1859. It was subsciinently discoveretl that simiiUaneou>l> 
with the appearance of these patrhc.s the magnetogr.nii 
records at the Kew Observatory li..d registered suddeii aiul 
erratic variations of the magnetic elements. (Ihe skelcii 
was first made public by Ilalfour Stewart in 181)1). 


The immediate cause of the radio fade-out is a 
sudden change, detrimental to the propagation 
short and medium waves, produced in the ionosphere 
the radio roof of the world. Such changes arc 
effected by extreme ultra-violet radiation eman- 
ated from the bright patches, called chromospheric 
eruptions, on the solar .surface. 


TiIK N.VrURK AND ORIGIN OF THK loNOSPHKRK 

In order to understand the variovus aspects of 
radio fade-outs it is neces.sary to have .some idea of 
the nature and origin of the ionospheric regions* 
which guide radio waves round the curved surface ot 
the earth. The upper atmosphere extending 
50 to about 400 kilometres or even more, contain^’ 
electrified particles such as electrons and ioiis. 
This vast electrified or ionized region, called t ic 
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ionosphere, is a conductor of electricity and reflects 
radio waves almost in the same way as a mirror 
reflects liRht. 

The ionosphere is not uniformly ionized 
ihrouKhout its entire thickness. 'I'he concentration 
of the electrified particles is high in certain regions 
or layers between which they are relatively rare. 
This is represented inctorially in Fig. .2. It will be 
noticed that there are two main regions of very dense 
ionization. The upper one which has its densest 
]>ortion at a height of about 250 km., is called Region 
F ; the lower one situated at alKiut 100 km. is called 
Region K. At a height of about 60 km. may be 
divSeerned another ionized region of much lower den- 
sity ; this is known as Region D. The relative dis- 
tribution of electrons in the D, K and V regions is 
^liown by the curve at the right of Fig. 2. 



Pm. 2 . 

Illustrating the various ioni/.od sirata «if Ihv innt>>.phere and 
lluir relative ioni/.ation deiisilii-s. Rcgimis I’’ and 1' are 
the reflecting regions and carry mediimi ami short waves 
round the earth. Region I) is reflecting onl> fnr yory 
long waves; for short and tncdiuin waves it is absorbing. 


It should lie mentioned here that the ionized 
regions not only reflect but also alisorb radio waves. 
The sti*ength of absorption is dependent on the 
iiiimlxT of collisions which the electrons or ions make 
'vilh the neutral molecules and atoms present in the 
medium per second. Thus an ionized region situated 
a great height, where air density and hence the 
collisional frequency is small, causes little absorption 
of radio waves, while, a region located in the denser 
atmosphere below, where collisions are frequent, 


causes considerable absorption. It is therefore 
evident that the higher regions K and V will act in 
general as reflectors and the lower region D as ab- 
sorber of radio waves. The increased ab.sorption of 
.short and medium waves observed in daytime is, in 
fact, principally due to increased ionization of Re- 
gion D caused by the solar rays (luring day light 
hours. Region D, however, reacts in a difTereiit man- 
ner towards long waves. I'or such waves, increase 
of ionization causes copious reflection instead of ab- 
sorption. This is because the long waves are unable 
to penetrate* into the* region and are* simply thrown 
back, as it were, from the lower l-Hiiiiidary. 

The formalio'n of these electrified regions is due 
to the ionizing action of extreme ultra-violet raelia- 
tion from the sun. The siin, it is l)elieved, radiates 
like a l)lack Ixxly at a temperature of 0500^^0. As 
such one* would expect its .si)ectrum to extend far 
into the ultra-violet. Actually however the solar 
spectrum, as observed near the surface of the earth, 
ends abruptly at a wavelength of 2900A. This is 
because the* entire spectral region lx;yond this limit 
is absorbed by the upper atmospheric gases like 
ozone, molecular and atomic oxygen and molecular 
nitrogen. The* absorption by these gases -of the dit- 
fcreiit ix)rtioiis of the ultra-violet spectrum —leads to 
various types of photo-chemical, photo-ionizing and 
phulu-exciling reactions. Of these we are concerned 
here* mainly with absorption leading to ionization, 
i.c., knocking off of one* <n more of the outer elec- 
trons from the* abstnlniig atom or molecule*. It is 
obvious that the active radiations which produce 
ionization of the difTerent gases will be* extinguished 
by absorption at different Icve'ls depending upon the* 
value of the absorption coefficient and the mass of 
gas traversed from the top of the atmosphere. If 
the eoefficient is large, it is extinguished at a great 
height ; if the coefficient is small it is fully extin- 
guished only after it has peiie*trate*<l down to very low 
heights, Fach absorl)ing gas therefore produces its 
own region of ionization at a JeveJ which is deter- 
mined by the strength of its absorption. The forma- 
tion of the different ionized regions in this manner is 
further conditioned by the fact that the •atmospheric 
gases are not thoroughly mixed up to the highest 
levels. The mixing exists only up to a height of 
alxml itx> km. The coii.stituetits U]) to this level are 
mainly molecular nitrogen and oxygen, and their 
proi)ortion at any height is the same as that at' the 
ground level. Alx)vc too km. molecular oxygen is 
split up into atomic oxygen. The constituents in the 
high atmosphere tire therefore principally molecular 
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nitrogen and atomic oxygen. Unlike the gases in 
the region Ik-Iow roo km., the two gases here are 
in a stale of the so-called diffusive eciuilibrium ; 
atomic oxygen being lighter occupies the highest 
levels floating as it were on the heavier molecular 
nitrogen lx;low. Kiiither, there is a region of transi- 
tion lying between So and 130 km. levels within 
which molecular oxygen is gradually rcplacc<l by 
atomic oxygen. 

We can now describe the formation characteris- 
tics of the different regions of the ionosphere pictured 
in Fig. 2. Region F is formed by the absorption of 
solar radiation at and below A h6oA hy atomic oxygen. 



Fig. 3. 

Illustrating the formation of the various ionospheric strata 
by absorption of different portions of the solar ultra-violet 
radiation. 

The splitting of >0 t- O, in the region of transi- 
tion round the 100 km. level, is caused by the 
absorption of radiation at and below A 1750 A. Region 
E is produced in this region of transition by the 
absorption of radiation A 774^^? and below by 


molecular uxygeu. Oxygen molecules also absorb, 
though rather weakly, radiation of wavelength at 
and below loioA and arc thereby ionized. This 
absorption is responsible for Region D at the 60 km. 
level.* The formation of these regions is pictured 
in Fig. 3. 

It will be useful here to describe the ingenious 
experimental method by which the structure of the 
ionosphere descrilxitl above has been discovered. A 
“l>acket” of ladio waves of very short duration (a 
few ten-lhousaiidlhs f)f a second) is sent up from a 
transmitter. 'I'his is reflected down by one or other 
of the conduct iiig ionized strata of the ionosphere. 
If a receiver i.s i>laced at the ground not far removed 
from the transmitter, it will receive two .signals due 
to a single wave-packet ; one due to that portion of 
the wave which has travelled along the ground 
(direct pulse), and the other due to the portion 
reflected by the ionospheric stratum (indirect pulse) 
as shown in Fig. 4. The two receiveil pulses are 



Fig. 4. 

illustrating the pulse-method of sounding the ionosphere. 
Trains of wave-packets are shot upwards from the traiis- 
niitter (T). These, returned by one or other of the iono- 
spheric strata, reach the receiver (R) a few milli-seconds 
after the corresponding packets travelling directly along 
the ground. The height of the reflecting stratum is easily 
computed from this interval. If the wave frequency is 
iiigh, the. wave-packet may pierce the stratum and fail to 
rec*>rd any echo. T'he presence of an absorbing layer 
between the ground and the reflecting stratum may also 
obliterate the echoes. 

♦ The al)sorptious of A lOlOA and A 774A by Oj both 
lead to ionization. The difference lie.s only in the state 
of the resulting ionized molecule. In the first case the mole- 
cule ionized is in its normal state whereas in the second 
case it is in an excited state. The energy required iU the 
two cases are 12-2 and 16-5 electron volts respectively and 
are called the first and second ionization potentials. > ^ 
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separated i)y a time interval of the order of a few 
tliotisandths of a second and can be recorded on the 
screen of a cathode ray oscillograph. This interval is 
the time taken by the pulse to travel from the ground 
to the reflecting stratum and back. I'lie velocity of 
radio waves liciiig known (in free si)ace it is equal to 
tliat of light, viz., 3,00,000 km. per sec.), the height 
iit which the ioni/.ed stratum is situated is easily cal- 
culated from a measurement of this interval. 

The “pulse method” of exploring the ionosphere 
id.so enables one to calculate the electron density in 
the various ionized regions. For this purpose the 
frequency of the wave is gradually increased till the 
wave packets pierce through the stratum and fail to 
record any echo. The frccpieiicy for which this occurs 
is called the critical frecpiency and is related in a 
Minple way to the electron density <»f the stratum 
which is just pierced.* 

lonosjdieric cxi)lorati<m by this method has been 
found so helpful for collecting data for use in 



Fio. 5. 

IlluNtratiiig tile method of rotilimions iceonliiig nl 
ionospherie I'chues. 

* lie sliaded region is part of the mask whieli eovers the 
diole of the oscillographic, screen except the hori/oiilal 
iine-hase. Any pulse, appearing on the tinie-hase brings in 
' 'liscoiitinuity which leaves its trace on the moving lilni. 


* The relation is N --l*24 x 10-V’» where N is the 
limber of electrons per c.c. and / is the critical frequency 
" kilocycles per sec. This relation neglects the effect of 
•le earth’s iiiugnelic field on the propagation t»f the waveh 

’ the ionosphere. 


connection with long-distance radio coiiiinunicatiun 
that quite a number of ionospheric olxservatories have 
been built in different parts of the world for keeping 
continuous records of the heights and the electron 
densities of the various ionospheric regions. The 
method of obtaining continuous records is shown in 
Fig. 5. (5 and K are respectively the direct and the 
indirect pulse, reflected from an ionos])heric region. 
With the aid of a suitable camera the pattern on the 
oscillographic screen is thrown on a continuously 
moving film. The whole screen is ma.sked leaving 
only the horizontal line— the “time base^*. As the 
film slowly moves the bright hori/oiital line blackens 
the whole fdm leaving two gaps (shown by the two 
(lark vertical traces) corresponding to the positions 
of r. and K. 

The separation between these traces gives the 
height of the reflecting stratinu. If, at any time, 
the echo is absent for some lea.son or other, a dis- 
('ontinnity occurs in the trace. Records of this type 
are very useful for studying iom>si)heric conditions 
during a fade-out. We will now turn our attention 
to this. 


vSlMUI/rANKlTY Ol** OCCURRKNCK OK THU 

Various Phrnomkna 

The simultaneity of the solar, radio, magnetic 
and earth-current effects during a fade-out is shown 
in Fig. (). The sped roheli«)g rams at the top of the 
h'igure were taken at Mount W'ilstjii Observatory on 
April S, 1 Q 36 and show the appearance of a bright 
eruption at 16I1. 4()m. (i.M.T. The ionospheric 
records made at Washington reveal that radio echoes 
ceased completely at i6h. .16m. O.M.T. The 
magnetic and earth-current records at Tliiancayo 
show sudden changes at the same instant. The 
phenomena which occurred on this date may 
])erhaps he best described in the woi\.ls of A. O. 
>rcnish' ; 

• 

“Routine observations with the * spectrohelio- 
>cope were in i)rogress at the Hiiancayo Observatory 
at the Carnegie Institution’s IXq>artment (>f Terres- 
trial Magnetism at this time. The observer on duty 
noticed a remarkable brightening of the H-alpha 
light in the region of a large sunspot, beginning at 
i6h. 45m. G.M.T. This eruption was accom- 
panied l>y certain terrestrial phenomena as shown in 

‘ Mciiisli, Terrestrial Maiinelisni aiui AttHospheric 
Electricity, 42, 109, 1GB7. 
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Ki». 6. The spectro-helioiirains shown in the Kii»iire 
were made at Mount W’ilson l)cfoic the eru])tioti, 
while the eruption was at its inaxinnim, and after 
the eruption had subsided. They show the hrijjliteii- 


‘froin the viewpoint of extent and hitensity’ this was 
the most spectacular eruption which had been wit- 
ne.ssed at the Observatory since be.i» inning' routine 
observations with the spectrolielioscope a year before. 


sP£cTiK)HeuoeMM$ wn.^ oBsermTotn) 







Illuslniliiijr 0 smiultniifily of nidio. nia«:iiytic and earth-current disturbances and the appearance of bright 
... , patche.s on the .solar di.sc. 

he lonosp uTic record ^hows complete cessation .»f eeluvs from the ionospheric reKions H and !• at heijihls 
IJO and 2b0 knis. dunn« llie appc.irance of the bright solar fKilchcs. M the same lime tlie iiiajfnetogram 
and tile earth-curreiil records show sudden increases in the value of the hori/ontal ma^rnctic iiitensitv 

and of the earth-current. 


ins of the sunsiml, althoiiKh high contrast of tlic “Ignorant of llic solar fireworks in progress, 

negatives used permits little cliscriinination regarding the radio operator at the station, who was engaged at 
intensity. The oliservers at Hiiancayo reiwrtcd that the time in making nieasnrenicnts on the ionosphere. 
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lound it impossible to receive reflections on 
.my frcKiuency and liegan to search for defects in 
Iiis cciuipnieiit. Finding none, observations were 
losHined'* and the echoes returned 55 minutes later. 
•‘'I'lic sudden changes in the Earth’s magnetism and 
ill the earth-currents which are continuously regis- 
tered at the Observatory are conspicuous in the 
records at the lx)ttom of the Figure. It may be 
noted that all the terrestrial effects l>egan at i6h. 
10111., one minute after brightening liecamc percep- 
lible in the sunspot-region.” 

Such simultaneous occurrences of the various 
iilieiioinena solar eruption, radio fade-out, terres- 
trial magnetic and earth-current disturbances have 
heeii observed on numerous occasions. There are, 
however, instances on record of the occurrence of a 
ijulio fade-out with no accompanying solar eruption 
and, conversely, of the av>pearaiice of a solar erup- 
lioii without fade-out effects. 


Radio and Maonktic I^ffkcts 

We will now discuss in some detail the radio 
.md tile magnetic effects associated with a fade-out. 

Radio Effects : The most spectacular aspect of 
the radio effect is, as already mentioned, sudden cessa- 
tion of wireless traffic on short and medium waves, 
'rile other effects are enhancement of long wave 
Mgiial strength and increase of atmospherics. (The 
hitter, as is well-known, have a <iuasi-i>eriodicity of 
llie order of a few^ thousiuid cycles per second). 
iM^ure 7 shows the sudden rise in the atmospheric 
<1i>lm fiance during the fade-out which occurred on 
.\l»ril S, when the recording e<|uii)ment was 

timed to 27 kc./sec. (11,100 metres). The inset show's 
that the nature of the increase of the strength of at- 
mospherics is very similar to that of the decrease of 
shnrt wave signal strength. The curve is a record of 
tile intensity of long-distance signals on 0570 kc./sec. 
I'' metres) and is drawn with the ordinate 
Kwersed — a rise in the curve signifying a decrease 
''I ihe intensity — to emphasize the similarity in the 
!"rnis of the tw'o curves. These effects receive an 
v.'sv explanation if it is assumed that radiations 
'' 'lilted from the bright patches cause a sudden 
lease in the ionization of Region D which, as 
‘ 'itioned above, absorbs short and medium waves 
' ’ reflects very long weaves. 

Earlier observations seemed to indicate that the 
’'"'‘Spheric layers lying above Region D are 

5 * 


unaffected during a fade-out. Recent observations 
made in Australia show', however, that changes in 
Region F do occur during a fade-out. These 
changes are firstly, a small diminution of the elec- 
tron den.sity and secondly, an increase in the height 
of Region F. P'urther, it is found that although the 


B 10 a f4 /« to 

G. /I. r. 

Fig. 7 . 

lllu.stratiiig inletisiticalioti of long wave and tlisappearaiice 
of short wave signals during a fa<le-out. 'flu* arrows iiyli- 
catc ihe ctjinnieucenieiil of the fade-out which ‘ tx'curred 
on April 8, 193C. 

fade-outs occur usually after the commencement of 
the chromospheric eruption (somcliines as long as 3 
hours later), the changes in Region begin almost 
simultaneously with it. 

To summarise, the main effects associated wdth 
a fade-out arc : 

(/) An intensification of the ionization in the 
alxsorbing Region I). 

This, on the rine hand, obliterates radio echoes 
on short and medium waves (rellected by the ui)per 
ionized strata) and, on the other hand, strengthens 
the very long wave signals (reflected from Region D 
itself). t 

(ii) A small diminution of the ionic density ‘and 
an increase in the height of Region V. • 

Mafrnetic Kflects . — ^The magnetic effect, as men- 
tioned alx)ve, consists of sudden changes in 
the magnetic elements notably in the horizontal 
magnetic intensity H. In Phg. 6 it will be noticed 
that IT increased .so much that for a few minutes the 
recording instrument failed to register its value. 
Detailed examination of the magnetic records dilring 
fade-outs shows that the change in the magnetic field 
for each observatory consists simply of an augmenta- 
tion of the ordinary quiet day variation of each of 
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the elements (see Sciknck ani> Cui/fURK, 

p. 70, Aujiiist, ig4()). The magnetic changes are 
most noticeable in the observatories situated on the 
illuminated hemisphere of the globe ; observa- 
tories at a distance of more than 70° from the sub- 
solar ]ioint scarcely show any measurable effect. 

The alw>ve observations on magnetic and radio 
effects during a fade-out are of utmost importance 
in deciding V>etwecn the three rival theories drift- 
current, diamagnetic and dynamo theories of the 
origin of the world-wide current system in the high 
atmosphere producing the diurnal terrestrial mag- 
netic variation on a guiet day. According to the 
drift-current and diamagnetic theories the current 
system must lie in a region of the ionos])here where 
the fretiueiicy of collision is small, i.c., above 100 km. 
According to the dynamo theory, however, the 
current system must lie in a region of high collisional 
freiiueiicy, i.c., below 100 km. Now, as pointed 
out, the magnetic effect observed during a fa<le-out 
is merely an enhancement of the normal diurnal 
variation. U therebire follows that the cause f)f 
this enhancement must be an intensification of the 
current system producing the normal diurnal varia- 
tion resulting from increased c<jnductivity of the 
region in which it /lows. Since, at the time of a 
fade-out, it is the ioiii/ation of Region 1 ) the region 
of high collisicmal fretiueiicy — which is increased it 
may be concluded that the ipiiet-day duirnal varia- 
tion current system flows in this region. This is 
therefore a strong evi<lence in sup])ort of the dynamo 
theory as against the other two theories. 

Okkun f)i' TiiK F\i.)K-orr Kiu-iic'Ts 

PVom what has been said above there is little 
doubt that the immediate cause of the radio fade- 
out and of. its associated effects is a sudden increase 
of ioni/.atiou in the abstirbing Region D of the 
ionosphere., "The increase is caused by ultra-violet 
radiation emanated from the bright s<dar spots. In 
order to be comidete and satisfactory this hypothesis 
mii.st, however, explain all the observed details of 
the effect. For instance, it should explain : 

(t) Why all observed solar eruptions are not 
accompanied by fade-outs and why 
. during some fade-outs no bright solar 

eruption is observed ? 

(ii) What is the likely jmicess by which the 
ioni/atioti below the K layer js increased ? 


(in) What are the constituents of the atmos- 
phere which are affected and by what 
wavelengths ? 

(/r) How does the ionic density of Region V 
decrease ? 

These are the points which tlie hypothesis 
should explain besides the origin of the ])rimar\ 
cause, namely, the bright eruption. 

With regard to (/) the natural explanation is 
that the solar L*nii)lion mn.sl attain a certain mini- 
mum intensity before it is able to produce increased 
iniii/ation causing the fadc-f)ut. lii previous obsei 
vatioiis little attention was paid to the iiiteiivsity ol 
the eniiitiou. If one compares eruptions which ai\ 
accompanied by fade-outs with those which are not 
.so accompanied one cannot detect any difference 
between the two exce])t that the former arc brightei 
than the latter. If the intensity is designated on 
an arbitary .scale i, j, ^ (A increasing intensity it is 
found that practically all eruptions designated as 
inteii.sity are accompanied by radio fade-outs. 

Regarding the converse plieiioineiia, namely, 
radio fade-outs unaccompanied l)y solar eruption, 
one ought to take aecount of the faet that all rad in 
fade-outs rei>orted as such may not be really so. Il 
might he recalled in this connection tlial, so far a^ 
the effect on Region P' is concerned, the decivaM* 
of ionizatirm f>ccurs almost .simultaneously witli evei> 
solar eru])tioii. 

With regard to {//) and (Hi) it is sometinK> 
suggested that the radiation which is responsible f«*r 
the production of Region P' (A 744A), if inteiisilied, 
might ])roduee stronger ionization in the absorhiii;-’ 
stratum below this region. 'I'liis is hardly iiossihle ; 
because, the main effect of intensification of tlii> 
radiation will merely be an increase of the ioiiizatinii 
density at the level of Region K without am 
appreciable increa.se lx;low. We have, howevi!, 
already mentioned that during a fade-out, Region I\ 
ionization is affected very little if at all. ft tlm^ 
seems certain that the radiation causing fade-out 
distinct from that which is responsible for prodiiciii-i 
Region P' ionization. The iirohable nature of siu ■! 
radiations has been suggested by several author" 
and are discus.sed Ixdow. 

The emission of the Balmer H-alpha line fro’ > 
an eruj:)lioii must lx: accompanied by the Lyman lini - 
of hydrogen. The wavelengths of the Lyman lin^ " 
are such, that with certain plausible assumption' 
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in regard to the atmospheric constituents in the 
Region h' and btloic the Region E, the decrease 
,,f ionization in the first and the increase f)f same 
ill the second can be explained. 

PVom what has been said above it is evident 
lliat below the Region K, between bo and kki kins., 
Iioth ()2 and O are i)resent. According to one view** •* 
tile increase of ionization in this region is due to the 
ionization of molecular oxygen and according to 
iiiotlier view* to that of atomic oxygen. For 
reasons to be given presently it seems almost certain 
that the constituent afTected by ionization is (K and 
not (>. 

Since the first ionization iioteiilial of (K is alxml 

electron volts, it is evident that the ionizing 
wavelength must be equal to or below lOioA. The 
wavelength of being io2bA (greater than AioioA), 
I lie ionizing radiation shonhl be h-y (A 97,^A). Ab- 
'.oijjtion of this radiation, however, is relatively feeble 
,111(1, as a consetineiice, it will be cotnpletely absorbed 
only after it has penetrated down to a consider- 
:il)le depth below Region Iv Calculations made by 
Mill a, Uhar and (Ihoslr on the assumption that the 
aliMirption coefiicient of O., for this radiation is only 
oik-ihousandth of that for A 7/t4A (corresponding to 
llie second ionization iioteiitial of O-j) show that the 
inaxininin ionization due to this absorption occurs 
at a height of about 55 km. It may therefore be 
coiiclnded that a s(dar ernptimi accompanied by an 
intensification of the Lyman lines of hydrogen 
enhances the ionization of the absorbing Region I) 
wliich lies at this height. 

.\ccording to another view'’ the enhancement of 
ionization is due to the action of L-a on atomic 
owgen which is as.sumed to be present in sufficient 
■inaiitity even dowm to 60 km. The jiossiblc process 
ot ionization sugge.sted is as follows. Atomic 
'»xygen is excited by the absorption of the L-^t line. 

“ Mitra, Rhar and (ihosli, Ind. Jour. Phys., 12, 455, 19,38. 

MSaha, Vroc. Nat. Inst. Sci. Ind., 5, 21, 1939. 

' .Martvii, Milling Higgs and Willianis, Nature, 140, 603, 
11137. 


Such an excited atom may lose by collision an elec- 
tron and an amount of energy of 0.75 electron volts, 
and thus revert to the normal state of ionized oxygen 
atom. For this to hai)pen the number of collisions 
must be sufficiently high and the process will there- 
fore occur at comparatively low levels. This hypo- 
thesis might, however, be criticised on the following 
grounds. In the first idace the collision, in order 
to prcHluce ionization must have to be sufficiently 
violent. It is ijiiestionable whether such violent 
collisions can occur in the relatively cool atmosphere 
of Regi(ni I). vSecoiidly, calculations show' that 
atomic oxygen, the presence (jf which is essential for 
this process to occur, cannot be present abundantly 
in this region. 

In order to exi)lain the decrease of the ioniza- 
tion density of Region I', observed during a fade-out, 
the pieseiice of water vapour in this region is 
as.sumed. The temperature hen is high of the 
order of 1200*^ to i.soo^C. Xow, it may be shown 
that the equilibrium temperature of lhi.s region, if 
it consisted of atomic oxygen only, wouhl be con- 
siderably higher— alH)Ut 35oo°C -due to the ab.sorp- 
tion of solar ultra-violet radiation of w’aveleiigth 
1450A. If, however, water vaixmr also is lueseiit, 
the rise would be considerably less owing to the fact 
that water vapour is a good radiator of heat and the 
temperature would lie between looo^and 2ooo°C. The 
assumption regarding the pre.seiice of w’ater vapour 
in the high atniosidiere thus appears to be justified. 
The L-a radiation which is stnjiigly emitted during 
solar eru])tions dissociates the inolec\iles of the water 
vapour to H and OH (excited), 'riie tenii)erature of 
the region therefore goes up because waiter vapour 
is no longer present to check its rise due to the 
absorption of A 1450A by the oxygen atoms. The 
atnio.s])here therefore e.\i)ands upwards and its 
density decreases. Joiiosj)heric observations thus 
show a decrease in the ionic density of Region F and 
• an increase of its height.* 


* The author has niiirh pleasure in acknowledging with 
thanks the help he received from Pn^f. S. K. !Mitra in the 
preparation of the article. 
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(liiestion of pure food supply is a pressing 
problem in India. It is even more important 
than the problem of drug control. It is obvious that 
if adulterated and injurious foixl constitutes the 
major portion of the coiiiinoii dietary that is con- 
sumed from birth till death, even pure drugs can 
avail but little. As a matter of fact, the trade in 
adulterated food has assumed the proportions of a 
scandal in this country. What is worse is that it 
is i)articldarly the staple or the more commonly 
consumed food-studs that suder from tlie most un- 
scrupulous adulteration. In Bengal, for instance, 
alia (whole wheat Hour), moitUi (white flour), ghee 
(clarified butter;, mustard oil and milk are the 
principal commodities that are most highly adul- 
terated. This adulteration is carried out on a large 
scale and very fretpieiitly with the help of expert 
scientific advice. For this purpose even small 
laboratories and machineries for grinding soapstone, 
gravel, etc., are maintained by the dealers concerned. 
As it is, the diet in most parts of India including 
Bengal is very ill-balanced and defective and if, in 
addition to that, adulterants, like soapstone, unwhole- 
some fats and other toxic substances find their way 
into the stomach, the resulting situation can lx* well 
imagined. 

Not that attempts at checking food adulteration 
have not lx*vn mtAle. So far as Bengal is concerned, 
the Bengal Fo(xl Adulteration Act of 1919 was 
designed to prevent adulteration. But the measure 
has largely failed Ixcause firstly the Act itself has 
not been sufficiently comprehensive and had several 
lacunae. Secondly, the i inspecting .staff and others 
responsible for the enforcement of the Act have not 
.always Ixen sufficiently mindful of their civic duty. 
Thirdly, the ingeniousness of the dealers in the 
matter of adulteration has often defeated the 
ingeniousness of the scientists^ of the public health 


laboratories. One should also realise that the mis- 
chief is done more by the whole-sale dealers who 
relea.se the commodities into the market ; the retail 
dealers are perliaps somewhat less to blame. 

The Bengal Pure b'ood Bill of 1940 which has 
just l)een brought before the Bengal l^egislatiw 
Assembly for enactment .seeks to remedy some of the 
defects of the Bengal Focxl .Adulteration Act of 1910. 
This is a desirable stei). 'Phe Bill seeks to control 
the places where large scale adulteration is carried 
out which was tiot so easy under the old Act. It 
attempts also to remedy .some of the defects of the 
old Act which have been revealed in the course of 
its operation during the last 20 years. But it should 
be fully realised that the success of the new Act 
would depend chiefly on the rules and bye-laws 
regarding standards of purity, etc., which will be 
framed later on by the Bengal ( roveniment under the 
provisions of the Act. The rules to be framed for 
such purpose demand a considerable amount of 
knowledge and scientific experience. In this countrx 
before now practically no attempts have been made 
by the Government to seek any advice other than 
that of their official experts in framing such rules 
concerning the limits of purity and the methods of 
analysis to be pursued. The Government experts 
have no doubt their qualifications. But the tcndenc> 
has been to copy the standards and methods from 
those of other countries in a stereotyped way. WhiK 
the right course for us is to^ adopt the methods of 
more advanced countries as the base line for 0111 
efforts, the fcKx! practices and food adulteration 
processes of our country require adaptations of thosi 
iriethfxls to our local conditions. Nor should it bi- 
forgotten that our knowledge of methods of analysis 
is progressive and a set of procedures adopted to-da\ 
is capable of considerable improvement tomorrow. 
This leads to the corollary that we must in the long 
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nin ’depend on ourselves and ihe exi)erience and 

researches of our public health lalx>ralories toj^elher 
with those of the scientists in universities and other 
research institutions should provide the guide to the 
framing of the rules referred to alx>ve. In this 

country the necessary pooling of information between 
the public health laboratories doing analytical work 
and other research laboratories which have some- 
times more competent perstmnel has not taken place. 
On such vital questions the opinion of exi>ert 

scientific Indies like the Indian Chemical Society 

and the Institution of Chemists (India) should also 
be invited. As an instance of the relative detach- 
ment of the ordinary Government exjieil from other 
experts outside the pale of (Government service we 
may cite the case of “Agniark Ghee’*. With 
reference to that commodity sufficient help has not 
1>een sought by the department of the Central 
('.nvernment concerned from scientists of universities, 
who have something to do with food technology or 
fr«>m an influencial Ixxly like the Indian Chemical 
Society, which could bring to bear a considerable 
amount of scientific knowledge on the problem in 
<ineslion. As a result, in the oinnion of many 
experts, the standards set up by the Government for 
tile aforesaid ghee arc not sufficiently satisfactory. 
We would therefore urge upon the Bengal Govern- 
ment to circulate the Bengal Pure Food Bill to non- 
ofijcial scientists and scientific organisations and also 
to invite their opinion on the framing of the rules 
regarding purity, standards and methods of analysis. 
Much depends upon this. 

The pre.sent measure that the Bengal Government 
is adopting concerns also the organisations of the 
imhlic health lalx)ratories and the (]Uestion of public 
analysts. As we have said before, the knowledge of 
analysis is not in a static condition and the personnel 
of the public health laboraU)ries should be such as 
cannot only carry out routine analyses but can also 
look at the problem of adulteration as a research pro-* 
blem so that new and more accurate methods may be 
devised to meet the local situation arising from the 
use of local adulterants which are i)eculiar to India. 
Mere copying of methods from standard books of 
analysis will not do. This requires that the scientific 
personnel of the.se lalx)ratories should be well-paid 
and that there should lie no nepolisni in their appoint- 
ment. They should be lioth able and above corrup- 
lion. It is therefore desirable that all the District 
Public Health Laboratories, which are now run by 
district Boards, should be provincialised and should 
come more or less into the same category as the 



Public Health Lalxiratory of the Government <'f 
Bengal. The selection of the personnel should lx; left 
entirely to the discretion of a body like the Public 
Service Commission entirely uiiinllueiiced by con- 
siderations other than that of the iiecil of promoting 
the public health of the province. It should be fully 
realised that, if irrelevant considerations come into 
the picture and wrong appointments are made, more 
harm may be done through the new Act than g<KHl. 

The <|iiestion of public analysts is again a matter 
in which India is much behind the times. In all 
other countries it has been realised that the public 
analysts should be trained chemists or persons who 
have passed a rigid lest concerning food analysis in 
all aspects. Dr (G. F. Gates, ^Icdical Officer of 
Health of the Metropolitan Borough of Paddington 
thus ol>serves ; “In most of the towns, however, the 
medical officer of health is responsible for this branch 
of imblie Wi)rk (/.<*. administration of the Food Adul- 
teration Acts), and in order to obtain his (|ualifying 
diploma in public health he will have to pass a some- 
what exacting test of his knowledge of foc,>d analysis. 
Needless to say, this in no way (lualifies him to .act 
as iniblic analyst, the qualifications for this ai)point- 
ment involving a long and arduous training and a 
difficult examination test”. It will thus be seen that 
a medical officer of health who has passed a good test 
for food analysis is, nevertheless, not considere<l com- 
petent to discharge the duties of a public analyst. It 
is high time that this was fidly realised by all pro- 
vincial (Governments- in India. In many idaces it is 
still the medical officer with no special knowledge of 
analysis who is still officially the public analy.st and 
.simply signs the analytical reiKH'ts submittL‘<l by the 
chemist of the public health laboratory. When a pro- 
secution results from the administralioii of the Food 
Adulteration Act, it is the actual analyst who has to 
submit to cross-examination. The position is 
obviou.sly anomalous and is syniptopiatic of the 
general backw.ardiiess of onr country. There is no 
harm of course in appointing medical people as public 
analysts if they have undergone the arduous chemi- 
cal, bacteriological and other special training to which 
I>r. Oates refers. 

We would also suggest that, even after the rules 
and standards are framed by co-operation and 
exchange of information between official and non- 
official experts, a permanent committee con.sisting of 
both these classes of experts slunild be set np by the 
(Government for the purpose of directing researches 
on the question of* standards, limits of i)urity .and 
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inclliods of analysis. This kind <)f invest it* atioii is 
essential for solving our i)robleiiis of f<K)d adultera- 
tion. vSuch a coinniittee may be called the “Pure 
FfKxl Technical Committee” and should undertake a 
C(>nii>rehensive survey and investigation of the 
technical problems connected with food adulteration. 
This work should be carried out in perfect co- 
ordination between the puldic health lalxirator ies and 


university and other laboratories, willing to partici- 
pate in the joint endeavour. This Committee would 
be the most suitable lx)th for formulating the pro- 
blems to be attacked and for directing efforts at their 
solution. We hoi)e that while the new Bill is on the 
legislative anvil, the considerations set forth above 
will receive due attention from the Ooveriiment and 
the legislature. 


EFFECTS OF ENGINEERING IN PRESENT AGE. 

In our present state in the western world we have reached an age when the effects of engineering 

run thiough all conditions of living. We of tlie western world have so profited by active prosecution of 

scientific di.scovery, invention and refinement of engineering proce.sses that our conditions of life for all but the 
most wealtliy are in strong (indeed startling) contrast with the woeful conditions of living available for the 
[loor and the moderately well-to-do in those eastern countries which have failed to participate in such 
developments. W'e have further improvements to make, b'or illustration, it is a fact that we have not 
yet developed the human contacts, in those of our industrial orgaiii/ations in which jiroduction by machines 
is prominent, so as to reproduce the friendly re.sponses that are po.ssible among industrial grouj\s, and 
which were observable in the be.st of old-time hand-work conditions. vSuch defects, however, gradually 
become rectified as the modified social relations gain recognition. 

Ibigineering processes and engineering devices have been (and are l)eing) abused by use in warfare, 
and much of the poverty now found in various nations is an aftermath of costly wars which sacrificed 
inoductive men and valuable property. 

It is not science or engineering which is at fault. The defects in human relations which arise in 

our day in local, national and international affairs arc not due to faults in the fundamental ideal of 

a com]>lete civilization, nor to a scientific engineering which has set up and continues to maintain the stage 
for a possible realization of that ideal. The fault lies in the lag of human intelligence with respect to its 
o]»j)ortunities for bettering human conditions. The hiiniaii mind, in mass, is very slow to change in 
character ; anti stable improvements of mutual relations cannot be rushed to success by the vaguely aiiplied 
efforts of professional reformers or dilettantes in social affairs. Such improvements may only be succes.s- 
fully produced slowly in association with sounder-growing mass-thought regarding living affairs in l)Oth 
material and gthicaV relationships. 

vSuch processes are fraught with alternate states of vsuccess and discouragement. The influence of 
•engineering is of primary importance for showing the ways to material betterment. Following in the wake 
of material Ixjtterment and increased leisure which are secured by improved engineering practices, intellectual 
imi)rovcmcnt also usually comes as an ultimate contribution to social welfare. 


— Journal of the Franklin Institute, 
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Petroleum Supply of the World 

It is j^ciKTally helitvcd that iiclroleiun sll|»plic^ 
MIL* limited and irreplaccalde and it has heen com]iutcd 
l»\' competent specialists tliat unless other new oil 
lieltls are discovered the present total world reserve 
would not last out more than only another lU years. 
Contrary to the above belief Dr (instav Iv.eloff, of the 
I'niversal Oil Products Company of America, holds 
out the Impe that petroleum is beinj^ continually 
formed under.eround on a substantial scale and even 
perhaps at a faster rate than human elTorts are brini»- 
in.e it to the eartli’s surface. Thou.eh Dr IvtilolT can- 
not as yet claim to have fully substantiated his theory, 
liis inference is based on the fact that there is a 
remarkable resemblance between some preseiit-dav 
lishes and molluscs found in abundance in lakes, 
rivers ami oceans and those found in oiIbearin.e for- 
mations. P'or example, in the Californian oil fields’ 
t-eoloeical formations are found fossils of plants iden- 
tical with the microscoi)ic idaiits known as diatoms 
now living in the seas. These plants are found to 
t'ontain nearly .j",, oil, and it is prob.able that even 
now these ])lants are bein.e deposited in lar.ee quan- 
tities into what will be our future oil lields. Inci- 
dentally Dr P'elolT f«)recasts that our oil wells hi 
future will have increased dei>th of four to five miles 
as compared lo the present depths of two to three 
miles. 


Sulfanilamide as Promoter of Plant Growth . 

Tiik chemical sulfanilamide, which has proved 
to be a potent remed>’ for many human .nerm diseases 
<Iue to chcckin.i* the .i^rowth of bacteria, has now been 
touiid to possess other important properties havin.ui 
a beann.^ u])on the i^rowth of plants. The Scienre 
Letter has published a report of scnne recent 
discoveries made by Dr lunesl D. Spencer of the 
Rockefeller Institute, who has observed that the 
chemical stimulates the Ki'f>wtli of tobacco jdant roots. 
Plants receiviiijL? from 20 to 40 parts per million of 
sulfanilamide were found to develop new roots much 
earlier than similar plants which did not receive a 
dose of the chemical. But uncut seedliiiKs were not 


found to be stimulated and a dose of tlie chemical 
which stimulated root formation on cut ])lanls 
was found to poison plants with innnial root 
systems. This hehavioiir has not as yet been i)roperly 
accounted for. If .sulfanilamide is to be attempted 
as a cure for some forms of plant diseases,* Dr 
Spencer thinks, it must be used in mucli smaller 
doses than can be safel>' nse<l in treatin.n human 
patients. 


Collection of Archaeological Materials in Karnatak 

A kiciT collection of historical materials lias lx.*en 
made by the Archaeolo;.;ical vSnrvey of India as a result 
of a villa.i>e-to-villaKe survey of inst'riptioiis- in the 
districts of Bombay Karnatak for the last 15 year.s. 
The material is now I)eing published and a further 
search is beiii.ii made for materials other than inscrip- 
tions. Tile Director-General of Archaeology has 
sim.i»estcd to the Oovernmeiit of Bombay the estahli.sh- 
iiieiit at Dharwar, at the earliest jxissible moment, of 
a properly constituted museum, which will focus 
elToiis hitherto made I»y research workers in Karna- 
tak. 'riiere is ainjile material for siicli a miisenm, 
rare manuscripts, sculptures and archaeological 
material from the eailiesl ])erind of human history 
to the limes of the \'i.iayana;»ar hhnidre. 

A siirinisin.eily lapeje number of broii/e ima.i’cs, 
copper plates, stone imaiies, and minor anli(|nitics 
have already been c»>llected from dilTereiit parts of 
Bombay Karnatak, which may be used as the nnclens 
of the i>roposed iiinseum. The Director-Ciciicral of 
Archaeoloj.'y has also promised to use his .liood offices 
in procnrin.t; loans of archaeoloi'ical material from 
other parts of India, so as to enhance the scientific' 
and educative value of the collection. 

'rile Government of Bf)mbay have lately started 
a Kannada Research Office in Dharwar, and a director 
and two research fellows were ai)pointed in OctolKT 
last. A proj^ramme of re.search work t'o be done by 
the Office was laid down in consultation with the 
Diri'ctor-f^eiieral of Archaeolf);.»\’, who also loaned the 
services of a trained scholar for appointment as 
director of research. 
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Control Problems in Sukkur Canals 

Thk Central Irrigation and Hydrodynamic Re- 
search Station, Khadakvasla, Poona, has succeeded 
in devising ineaiis to control silting of the Sukkur 
Right Bank canals, which has for s(jnie time past 
]>een a source of coiisulerahle anxiety to the authori- 
ties in Sind. The scheme evolved provides for a 
curved approach channel 5,000 feet long from its 
nose to the Sukkur Barrage and ’,250 feet long from 
the nose to ihe off-take, with a raised sill at the 
entrance to the pocket. The scheme has ])een tried 
on models, and experiments have shown that with 
this ai»proach channel bed silt can he controlled as 
desired. Further experiments to determine the best 
methods of working the apiiroarh channel are in 
progress. 

The Sukkur Barrage spans the River Indus about 
three miles downstream of the gorge between Rohri 
and Sukkur. In the middle of the gorge there is an 
island. I'our canals take off from the left bank and 
three from the right. Mpstreani of the gorge the 
river is unstable and swings within a width of 15 
miles but is fairly stable between the gorge and the 
Barrage. In .this length the riv'er is slightly cuived 
in i)lan, the left bank l)eing concave and the right 
bank cejnvex. It is known that where a canal takes 
off from the convex side of a bend, the canal draws 
bed w'ater and a relatively high charge t)f .silt. The 
right bank canals at Sukkur being on the convex 
bank of the river have thus unfavourable conditions 
for silt exclusicm. As was foreseen, a silt bank was 
forniLHl along the right bank. In the floixls of 
the siUid bank reached an immense si/.e and silting 
occurred in the North West Canal. 

The proportion of the discharge of the river 
which passes through the right and left branches *if 
the gorge upstream of the Barrage varies from year 
to year according as the main stream shifts t<» one 
bank or the other. In 195S, the main stream shifted 
to the left bank of the river and the right gorge 
then drew only 20 per cent of the total discharge. 
Based on this •observation, experiments were carried 
out on the model and it was found that the less the 
proportion of ,tTi.sch*arge passing through the right 
gorge, the less was the quantity of silt moving along 
.the right bank into the right bank canals. 

This method w^as however considered nnssiti.s- 
factory as it did not ensure full control of the dis- 
charge and curvature of fl(JW’. The new design of 
an approach channel was thereafter devised. 

The National Physical Laboratory 

In spite of the disturhing effects of the war there 
has not been any great falling off in the amount of 


useful w'ork done !)y the National Physical Labora- 
tory during the year 1939, as would 1x3 evident from 
the annual report of the LalK>ratory for the year 1939. 
In addition to experimental work done for and the 
advice given to various industries for immediate 
purposes and for long-range inojects for opening up 
new possibilities, the lalwratory carried on its usual 
routine work of testing of instrunieiits and main- 
tenance of exact standards of iiieasurcnients. Addi- 
tional new problems raised by the war also had to 
iMi tackled. Important investigations on the physical 
proi)ertics of carl)on steels, light alnniiniuin and 
magnesium alloys, ship propellers, new aircraft, the 
reduction of sound transmission in buildings, electri- 
cal insulating materials and the propagation of ultra- 
short radio waves were carried out during the year. 
Members of the staff gave lectures on the work of 
the laboratory at various centres as in other years, 
largely particii>ated in the work of different technical 
committees and attended international conferences on 
scientific and technical questions abroad. 

Annual Report of the Royal Observatory, 
Greenwich 

Thk Astronomer Royal’s rei)ort of the work of 
the Royal Observatory, rireemvich for the year end- 
ing May I, 19/^0 was presented to the Board of 
Visitors. On June i, the war aflected nunierons acti- 
vities of the f)bservatory. The 2S-inch refractor and 
the 2t)-inch refractor were dismounted for safety and 
work on both ceased from vSepteniber 1939. vSpectro- 
graphic work with the Yapp reflector (36-inch) how'- 
ever was continued. The expedition planned by the 
Observatory to ob.serve the total s« lar eclipse in South 
Africa on October i, iq/^o had to be abandoned 
because of the war, but the Royal Observatory is 
going to .send some e(]iiipments together with spcctro- 
graphic instruments from the .Solar Physics Observa- 
tory, Cambridge, for use by the combined expedition 
arranged by the Royal Observatory of Cape of Good 
Hope and the Union Observatory, Johannesburg. 

. The solar activity throughout the year was 
.studied wdiich seems to establish conclusively the 
downward trend of the 1 1 -year cycle after the very 
high niaxiinuni observed in 1937-38. The relation- 
ship between bright chromospheric eruptions and 
magnetic storms has been studied at (rreenwich dur- 
ing the past year. Magnetic and meteorological 
observations of a routine nature were continued as in 
previous years. During the year 30 magnetic storms 
were recorded of which 7 were ‘great’ and that on 
March 24 ranks among the greatest storms of the 
past century. As in last year’s report, in this year’s 
report the Astronomer Royal made reference to the 
deterioration of the conditions for astronomical obser- 
vations at Green wu'ch and for the urgent necessity 
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for removal to a site where conditions would be more 
favourable. 'I'he increasing magnetic disturbance at 
Abinger where the magnetic observations are record- 
e<.l, due to development of electric traction, re(|uires 
the removal of tile observing station from the present 
site if any high precision is to 1 )o obtained. A numlx?r 
of ])ossibilities have already been examined but the 
plants for removal have neces.sarily to be deferred till 
the conclusion of the war. 


Following Civilisation by “Myths” and Metals 

Accumulated facts on the basis of excavations 
primarily have provided grounds for classifying 
ancient talcs as real history. The claim of folklores 
to be regarded as basis of historical facts Ixicomes all 
the more strong when these records of the past are 
imcontaminated by foreign influence. The Biblical 
myth of Deluge has now l>een interpreted as a result 
of excavations in ^le.sopotainia where remains of that 
historic event have been discovered. Folklores arc 
now supplying much information about the ancestry 
and the prehistory of pcoide who lived at a very 
distant date. Two collections of folklores known as 
I'Jdcr Kdda and Youni^er Edda (since translated in 
hjiglisli) constituted one side of the picture of the 
people living in that t)art of luirope. The other side 
has now been furnished ]\v scientific investigations. 
Ill an article in a recent issue of the TechnolofiY 
Rivii'-n', the history of north-western Kur<)i)e as pre- 
served in these time-old ballads has been correlated 
with recent archaeological and ethnological investi- 
gations. The ancient Teutonic races who lived in 
the north-western part of KurojK* had migrated to- 
wards east alxuit looo A. I), and a large numl)cr of 
them from Scandinavia settled in Iceland. The above 
verses were collected in that island and are today 
taken to narrate the history of north-west luirojje 
during the peri<xl between the years 2000 and 4cx) 
B.C. In these remote ages climate and physical 
environment helped to a large extent the birth and 
growth of civilisation at a particular place and in its 
later stages it is found that use of more and more ^ 
metals marked the future developments. 

In northwestern Europe alxjut 4tKK) B.C. the 
climate was mild and dry and the levels of lakes 
gradually drop])ed ex])osing surfaces for human habi- 
lation. The people living around gathered together, 
built villages and cultivated lands. At this pericxl 
bronze was the material for tools, utensils and 
'Veapons. Iron was a curiosity, and contaminated 
'' ith nickel it was procured exclusively from ineteo- 
'ites. Bronze being a man-made alloy of copper and 
■iu, searches had to be made over long areas for 
‘hese two metals which were evidently obtained in 
‘Iluvial forms. This stimulated long-distance trade 
6 - 


contracts. In France alone from the sites of Bronze 
Age culture 48,000 bronze ares have been found. 
After a few hundred years the easy and simple 
life of the people received a rude shock when 
a terrible winter had set in at alx)ut 750 
B.C. This date has been determined by studies 
of bog growth in Switzerland and Ireland and 
of growth of tree rings. The climatic wrath dis- 
integrated the peaceful society of north-west F'urope. 
During this wet cold period the sea shore of western 
Europe gradually .settled down submerging many of 
the great Bronze Age megalithic monuments. Some 
of these have l>een reported to be visible at a very 
low* tide. The oak and beech forests were replaced 
by spruce and the bogs deepeiietl. People lied to the 
central and eastern European forests. Both these 
hai)penings of the birth of villages on the shores of 
the lakes and of the “Fimbiil-w'inter*’ which des- 
troyed the village life, are very vividly described in 
verse in the h'Jdcr Edda. The refugees from the 
north to the lower parts f)f Eiirt^pe could not unfor- 
tunately stand against the iron-weaponed people 
living there. The first phase of the history of these 
peoi)le thus came to a close. 

Bronze was now to be replaced by iron. The 
iron ores were fir.st smelted by the Hittites living in 
A.sia Minor. These i)e(>ple were known only -in the 
Bible even as late as 50 years ago. Baked clay tablets 
discovereil at their capital city near nlnml the present 
Anatolia led to a series of excavations and investiga- 
tions which have revealed the history of these people. 
This discovery of the use of iron by them was t>ro- 
bably due to tw’o causes. Tlie first was the easily 
visible deposits of iron as e.\po.«ed by erosion of 
rivers and the thickly wooded forests which made 
the production of charcoal a .simple matter. Added 
to this was the strength of the Hittites with their 
big stone hammers, w'lio were (piite fit for mani- 
pnlating the massive iron deposits into the furnaces. 
C'iradually when trade flourished, iron found its way 
to distant places and Tutankhamen’s Tomb dated 
1.^50 B.C. revealed many important iron objects. 
Alwiit 1200 B.C. the Phrygians drove* the Hiltite.s 
from their homeland and the art of .smelting iron 
spread to the neighbouring countries where the 
Hittites took shelter. At about (yx) B.C. Iron Age 
in Europe w^as ushered in by tho.se settling in the 
central Damibiaii basin, containing large depo.sits of 
iron ore. The Hallstatt period of Iron Age owes its 
name to a place in Austria where hordes of iron 
ol)jects were dug out in 184b .A.D. 

Researches on Indian Forest's 

The w’ork of the Imperial Forest Research In- 
stitute, IXihra Dun, done during the year 1938-3^ 
has been outlined nn the report entitled Eorest 
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Research in India and Burma, Part /. In 

tlie report the activitie.s in the different branchevS, viz., 
silviculture, botany, entoiiiology, utilisation, chemis- 
try, tiiiilxjr development, have lieen dealt with. 
Many important investigations in each of the branches 
received due attention as far as funds and time per- 
mitted. These are natural regeneration, investigation 
on seeds, investigation on trees and crops of timber 
plants, artificial regeneration, nursery work, recla- 
mation and afforestation under the silviculture 
branch ; progressive studies in systematic Ixitany, 
and mycology were continued under botanical 
branch of investigation, and studies of in- 
sects attacking some useful timber trees under 
the entomological branch. In the utilisidion 
branch the subjects c)f study included wockI techno- 
logy, timlx;r testing, wood seasoning, commercial 
in.stallation, air sea.soning, shuttle-making trials, 
wood for battery separators, w^ood for cricket bats, 
wood for pencil and wood ijreservatioii, and paper 
])ulp investigation proceeded under paper pulp 
section and researches on plants having insecticidal 
properties and on plants yielding oils and fats were 
carried out in the branch of chemistry. There has 
l)ecn ejuite a large number of publications during the 
year by the research workers in each of the different 
sections. vSome of these publications are of con- 
siderable value in the maintenance of the vast 
forest areas and in the utilisation of a large number 
of forest products of the country, h'rom these 
various subjects of investigation it will be clear 
that there exists an unlimited scojie of prolonged re- 
search works ill many directions, the results of which 
will lead towards economic utilisation of India’s 
timber and other forest products. It is gratifying 
that in addition to lecture work the staff at the Forest 
Research Institute have done valuable work both on 
pure and aiiplicd aspects of various investigations 
throughout the year. 

It is (piitc natural that the growing interest of 
the Indian public in the industrial development of 
their country urge them to call upon the scientific 
experts and research workers in the various Govern- 
ment departments for their advice. There is no 
doubt that flie impetus to the indigenous industry 
as given by the constitutional changes and in the 
wake of the industrial and scientific advancement 
ill the w'orld at large has been reflected in an in- 
creasing number of enquiries. It is stated in the 
general review that “questions connected with the 
manufacture of paper and plywood were probably 
the most numerous, but smaller industries such as 
the making of pencils, umbrella handles and ciga- 
rette holders, as w'ell as enquiries regarding suitable 
woods for .semi-industrial purposes, such as the use of 
bamlxios as reinforcement in colicrete structures and 


the chemical values of a large range of minor forest 
products, to mention only a few of the subjects upon 
which information was sought, kept the staff ex- 
tremely busy during the year.” It is all for the 
good of the country. The more the work of 
the dci)artmeiit is utilised for the benefit of the 
country, the more it is encouraging for the workers 
themselves. It is curious however that some of the 
established scientific departments of great importance 
to the vState received rather a setback instead of im- 
petus for exi)aiiding their activities on proper lines 
along with the world progrevSS. Undue pressure over 
the experts and research workers tells upon the 
health and energy of conscientious workers and it 
thus gradually leads to inefficiency. This has l)een 
hinted by the President, Forest Research Institute 
and College, Dehra Dun, in the general review. He 
rightly remarks, “Almost all provinces now employ 
an officer engaged solely on the investigation of 
silvicultural problems, 'riie co-ordination of their 
work, as exemplified in working plans, and advising 
on complex statistical requirements to en.sure signi- 
ficant results from the large volume of research work 
initiated by the.se specialists, taxed the staff of the 
Silvicultural Branch at the Institute to a degree 
which showed more clearly than ever that to 
continue with a staff no larger than that provided in 
IQ24 was impossible without accumulating ever 
increasing arrears of work. That the heavy pre.ssure 
of work was not confined only to the officers con- 
cerned with special lines of research, but extended 
throughout the whole Institute from the Pre.sident 
down to the most junior sulwrdinates, is a fact con- 
firmed inter alia in a report submitted by Dr S. S. 
Bhatnagar to the Government o*’ India.” 

It appears how^ever that some of the work, .such 
as cultivation of medicinal plants, nursery work 
(other than those which can be done under the 
climatic and edaphic conditions of Dehra Dun), 
taxonomical work on plants apd insects and similar 
other investigations may, to a considerable extent, 
advantageously be distributed to such other Goveni- 
• ment institutions as the Royal Botanic Garden. 
Calcutta, Botanical Survey of India, Chinchonn 
Cultivation in Bengal, Zoological Survey of India, 
and similar other institutions. By such a step the 
work on the applied aspect of investigation may 
iHjtter be concentrated at the headquarters. Tin- 
work of some sections of investigations may also be 
carried on more efficiently, at least up to a certain 
.stage, at the various provincial forest stations all 
over India with slight reorganisation and provision 
of a small nursery and laboratory attached to tin 
fore.st office. Silvicultural, botanical (ecological) and 
chemical investigations, if done on the spot, w’ill K 
more accurate. These results may conveniently he 
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co-ordinated at the centre and some congestion of 
\sork might thus be profitably removed. A little 
cxi>aiisiou and organisation in certain directions and 
lo a certain extent team work in co-operation with 
some of the professors of the universities are likely 
to pove fruitful in tackling many a problem in both 
the pure and the applied aspects of investigations 
relating to the bettennent of India’s enormous forest 
wealth. 

Announcements 

Tiik New York Academy of Sciences announces 
tliree prizes offered by Mr A. Cressy Morrison to be 
known after his name, all of which will be awarded 
in December 1940. Prize 1 of 500 dollars will l)e 


awarded for the best paper on solar and stellar energy, 
the competition being open to all. Prizes 11 and III 
will lx; awarded for the Ixjst papers on a scientific 
subject included within the field of the New York 
Academy of Sciences and its affiliated societies and 
arc limited to members of the alx>ve lx)dies but non- 
members may become eligible by joining one of these 
organizations lx*forc the closing date. 

Dr S. K. Knlkarni Jatkar, D.Sc., P.I.l.Sc., 
F.I.C., F. Inst. P., was awarded the decree of doctor 
of science in chemistry of Bombay University at the 
recent convocation, for his thesis on vSpecific Heats 
of Organic pours from Supersonic Velocity. He 
is the second i)erson to obtain the D.vSe. in chemistry 
from Hombay University, the first being Dr A. N. 
Vajnik of bahorc. 


ANALYSIS OF SCIENTIFIC WORKERS IN THE U. S. A. 

'riiKRK were on November 1, 1939 a total of 41,912 civilian scientists in the employ of the Federal 
Uovenmicnl, each receiving an annual salary of at least $2,000, of whom 40,200 were males and 1,712 
were females. There were, in addition, 17,615 representatives of other i)rofessions, such as accountants, 
architects, lawyers and librarians. 

Of the scientists, the engineers were the most numerous, with a total of 17,702. The next largest 
group was the economists, with 6,300 males and 300 females. The physicians and dentists stand high with 
2,050, of whom only 50 are women, followed qlosely in numbers by 2, wo veterinarians. If the word 
srirntist has been interpreted rather more lil>erally in the foregoing than is customary, we may note that 
there were on the list 3,200 agriculturalists and botanists, 1,230 physical scientists and geologists, 1,335 
chemists and metallurgists, 7S0 statisticians and mathematicians, 040 zoologists and naturalists and 1,015 
entomologists and husbandmen. One of the interesting groups is the 445 reporters and editors, or one 
for every 94 scientists, even with the liberal interi)retatioii of the term used nliovc. * 


F,*R. M. 



Science in Industry 


Stainless Steel Improved by Silver 

Stainekss steels show a tendency to pitting 
fonniiig iiiicroscoin’c holes which deepen when sub- 
jected to corrosive action, especially due to bjriiie. A 
remedy has been fouiul recently after three and half 
years of research at the Massachusetts Institute of 
Technology. A small quantity like 0 25% of silver, 
when added in the alloy as nickel-silver, increases 
resistance to pitting, improves machiiiability, lessens 
hardening under drawing and spinning processes, 
increa.ses thermal conductivity by some 25%, and 
gives belter surface polish. Great care is required 
in producing the alloy, but once formed, it is quite 
stable and. may be remeltcd and poured, without any 
material change. Castings, sheets, and rods are 
easily produced. This improv'cd variety will Ik' 
mucli 'used in the marine and refrigerating fields 
where saline solutions are encountered. 

N, K. S. 

Boiler Scales Removed Chemically 

llKAT efficiency of boilers and other steam- 
generating e(|uii)inents falls to a very low value due 
to the formation of scales inside them. Much of 
the tube failures and boiler explosions are also due 
to the same cause. Consequently the prevention of 
the formation of .scale and its removal are major pro- 
blems in power plants. Formation of scale is pre- 
vented by softening the feed-water by chemical 
means. Hut until now all the methods for the 
removal of scales formed were mechanical. There are 
however certain inherent disadvantages in the mecha- 
nical cleaning inetliods. The boiler parts are to be 
completely dismantled, even then all points inside a 
boiler arc not accesvsible, and in addition, fresh scale 
deposition is hastened on metal surfaces not 
thoroughly cleaned. 

A chemical solvent is expected to do away with 
these disadvantages and recently the methods of ap- 
plication of suitable solvents have been perfected. 
For the proper selection of the solvent the scale is 
first analysed by X-ray powder diffraction method to 
reveal the nature of its components. Only a few 
milligrammes of scale sample ace required for this 


analysis. The usual base for the majority of the 
industrial .solvents for scale removal is an inhibited 
hydrochloric acid. To this base auxilliary chemicals, 
such as .special inhibitors, catalysts, wetting agents, 
inteiisifiers, and reaction control agents, are added 
to facilitate results and to protect the exposed metal 
surfaces. Different scales rcipiire different inhibitors 
and auxiliary agents. Tyi)es of metals and treat- 
nieiit conditions also influence the selection of auxi- 
liary chemicals. 

Some .scales are encountered which require 
special chlorinated solvents for complete removal, 
whereas others require organic solvents. While the 
same solvent is not effective on all types of .scales, 
certain scales have l)een found for which no satis- 
factory solvent has been found yet. Hut if these 
insoluble con.stituents are i^resent in .small amounts, 
then the binder can be dissolved away and the 
loo.se disintegrated .scales can be washed away witli 
water afterwards. 

After a careful examination of the sample of 
scale to be removed, the metals to be encountered, 
and the design of the unit to be cleaned, the solvents 
best suited for this particular treatment is deter- 
mined along with the temperature, time, and method 
of circulation. 

N. K. S. 

Fire-Retardant Paint 

Extensive rc.searches are being carried out at the 
United States Forest Products Laboratories to pre- 
pare paints which will protect wood again.st fire. Up 
•to date linseed oil paints containing finely ground 
lK)rax have been found to be most satisfactory. 
Paints containing white lead as pigment have given 
the Ixist results, Imt those using titanium, or zinc 
sulphide pigments are also effective. Typical for- 
mulas for fire-retardant paints are : 

Per cent by weight 

Pif^ment Basic Carbonate Titatiiutri- 

(wliite lead) ... 41 0 Calcium 30 0 hithophone— 24 0 


Borax 

.. 32 0 

350 

30-5 

Raw linseed oil 

.. 22-8 

30-8 

323 

Turpentine 

.. 3-6 

3-6 

3-0 

Japan drier 

.. 0-6 

0-6 

0-6 
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To secure inaxiniuiii fire protection, at least one 
millon i>er 125 sq. ft. (3 or 4 thick coals) are required. 
AlthouKli they will not protect wood effectively 
a.nainst continuous exposure to high temperature yet 
they are effective against spread of small fires. !More- 
over they are not satisfactory for exterior use because 
vain leaches out the soluble borax and the degree of 
lire retardance decreases with exposure. 'Hie paint 
gives yellow tint but this tendency can probably 
be reduced by modifying the vehicle. 

Such paints arc yet in the developmental stage 
and much additional information will be needed to 
perfect them. Their use has been recommended only 
where resistance to fire is of greater importance than 
other properties. 

N. K. S. C. 


A New Type of Copper 

AftI'R ten years of strenuous research and expen- 
diture t)f an enormous sum of money Phelps Dodge 
Coi)])er Prfxlucts Corp. of N. Y., U. S. A., has deve- 
loped a new type of co]»per, which has been trade- 
marked as PDCP, and is sjiid to have greater con- 
ducting power, ductility, fatigue resistance, and sur- 
face (pialities than ordinary copper. 

One of the principal difficulties of the engineers 
and maintenance-men concerned with copper wind- 
ings in motors and transformers is the existence of 
surface impurities in the copper, which are generally 
produced in the casting processes and l)y vibrations, 
due to which magnetic stress penetrates the insula- 
tion and causes failure by short circuits. Moreover 
silvers and oxides are more or less inherent in the 
hot-rolling i)rocesses. The new method has not only 
eliminated the casting iirocess but also has imi»roved 
the hot rolling process so that oxides and silvers are 
completely absent. 

In the new method electrolytic catluxle copper 
is plastically converted l)y tremendous pressures at a 
high temperature and in a reducing atmosphere into 
Miiooth dense, copper bars, rods, strips or other com- 
mercial products. Thus electrolytic coi>per, basically 
of the oxygen-free type, being not melted in the 
subsequent treatments, not only retains its original 
purity but further enhances it at the higher tempera- 
ture and reducing atmosphere. 

It has given outstanding performance in high- 
lre(iiieiicy and high voltage transformer windings, in 
high tension and submarine cables, in refrigeration 
uul air-conditioning installations. It is particularly 
qqdicable for services where severe vibrations are 
encountered. Ductility being greater than ordinary 


copper, with this new type sharper bends, easier 
forming and drawing are possible. The metal is .said 
to approach the malleability of gold. 

N. K. s, a. 


New Treatment for Boiler Feed Water 

Duic to high pressures and severe conditions met 
in modern power plants tlie ])robleni of feed water 
trealmeiit has l>ecome more complicated. Mere 
uater-sofleiiing does not suffice, hut the water should 
also be conditioned with respect to its alkalinity and 
dissolved oxygen etc. Many of the important water- 
treating chemicals are .sulphur comixmiids. The 
principal coagulants, for instance, are all sulphates, as 
alum, copi)eras, and ferric sulphate. vSodium sulphite 
as is used for suhseciueiit chemical de-aeration and sul- 
phates are being used for many years to c.stablish the 
proportional concentrations between sodium sulphate 
and alkalinity for the prevention of the caustic 
embrilllemeiit. In order to prevent the zeolite 
minerals or to control the formation of deposits in the 
feed water systems, pH value of the water is to be 
lowered, for which either sulphuric acid pr an acid 
sulphate is fre(iuenlly used. 

Mr. S. T. Powell has i)resented a novel idea 
(vStdphur Ihiniers A]>plie(l to Feed Water Treatment, 
l\ra'cr l^lant Enf^inccrinj^r^ May, ig/jo, p. 54) of treat- 
ing the feed water directly with sulphur dioxide. 
Des])ite its apparent complicati»ms, the method may 
prove feasible in certain types of large plants. ^Ir 
Powell is apidying this new method at the Hoskins 
Mound ^line of the h'reei>ort Sulphur Co., U. S. A. 
vSuliduir burners for the ])urpose are of a somewhat 
si>ecial design and snlpliur dioxide is introduced into 
the pre-.softeiicd feed water along with some catalyst 
to hasten oxidation. Xoniially o or to 0*025 pm'ts 
per million of c()pi)er as copper sulphate has l)een 
found sufficient as a goixl catalyst. Mixed with air 
sulphur dioxide reacts with iron to form either of 
the iron sulphate coagulants de.sired. I'errous sul- 
phate solutions are also oxidisc-d to ferric sulphate 
with sulphur dioxide and air. In dilute solutions 
sulphur dioxide can replace sulphuric acid or acid 
suljdiates for nentralisiiig alkalinity and' it also forms 
the alkaline sulphites useful for dc-aeralion. 

According to the author there is substantial 
saving in the cost of the water-treating chemicals. 
An additional advantage of using snlphnr dioxide in- 
stead of sodium sulphate and sodium sulphite is that 
there is practically no increase in the amount of dis- 
solved solids in the water. This is particularly im- 
portant in the operation of the high pressure Ixnlers. 
When sulphur dioxide is used, there is practicnlly no 
increase in the dissolved solids since each molecule of 
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sulpliur dioxide liberates a molecule of carlxm 
dioxide. On the other hand the use of sodium sul- 
jdiate ill the particular case added 650 lbs. of di.ssolved 
solids to each million gallon of water. 

N. K. S. 


Increasing the Uses of Lac 

The Annual Report for the year 1939-40 of the 
Indian Lac Research Institute has lieen just pub- 
lished. The chemical section of the Institute has 
made substantial progress in the different pro- 
grammes of research. Besides the fundamental 
re.searches into the chemical and physical properties 
of lac and shellac, research results from commercial 
viewpoint show promising grounds for an indigenous 
plastic industry. The modification of shellac and 
shellac components by formaldehyde and urea has 
given rise to a resin which is a suitable material 
for moulding powders. The only defect is that 
the resin is not strictly thermo-hardening. It 
has also been found that melamine, obtained from 
calcium cyanamide, w^heii mixed in place of urea 
and Ixiiled produces a solution which on eva- 
poration in vacuum yields a spongy mass to be 
broken into powder. The earlier defects of 
the moulding i)owder have now been removed and 
further work is expected to do away with brittle- 
ness. As the chemicals, foniialdchyde and urea are 
imported from foreign countries, inve.stigations are 
continuing with a view to develop moulding iiowders 
independent of foreign chemicals. The Institute has 
also designed two small-scale plants for the produc- 
tion of urea and formalin, which may be set up as 
adjuncts to a moulding powder factory. Casein, a 
milk ])roduct, which is also obtainable from vege- 
tables like karanja oil cake has lx*en combi iie<l with 
shellac, which resulting products are found to 
serve a large uuhiIkt of purposes for which 
plastic materials like bakelite are now used. Further, 
to prei)are sheets and slabs for insulation and 
constructional puriioses, dry coal tar has been 
compounded* with shellac, and this reducing the 
quantities of formaldehyde and urea in the com- 
position is oKpecthd to lower the cost of making. 
Ordinarily black colour is produced in this reaction. 
vSiiitable composition with fillers like wood flour, 
kaolin, i)aper pulp and jute fibres and chemicals like 
urea, tartaric acid etc., have been prepared for in- 
ject itm moulding and further improvements are 
under study, with a view towards gloss, heat-aiid 
water-resistance and the necessary fluidity for 
handliug. vShellac injection moulding, as distinct 
from compression moulding, promises a great future 
in the prcKluction of electro-technical goods. Already 
the Institute has been able to produce by this method 


electrical switches which can be sold much more 
cheaply than those made by compression moulding 
due to the higher rate of production and the simpli- 
city in the manufacture of the powder. Two other 
uses are likely to lx made of the lac, one as a varnish 
and the other as recording discs. For the latter pur- 
pose it is proposed to coat aluminium discs or cheaper 
.still, paste boards with shellac containing a small pro- 
portion of urea. Lacquers are also being prepared 
by compounding with nitrocellulose in spirit with a 
small i)roporlion of ester. 

In the field of entomological research the most 
important development during the year has been the 
initiation of a large-scale field experiment to test the 
practicability of biological control, i.e., controlling 
of enemies of lac by their own insect enemies. Such 
control has in previous years Ixen shown to be 
practicable under laboratory conditions. 

The field experiment is at present only iii its 
infancy, but results so far obtained show consider- 
able promise. The Institute plantation has Ixen fully 
utilised during the year and results obtained as re- 
gards the mortality and fertility of various strains of 
the lac insect have been recorded. Work has also been 
concentrated on two egg parasites of the major lac pre- 
dators. These insects are being bred in the lalx>ra- 
tory and indications, so far arc that they arc of great 
potential importance, in the control of these enemies 
of lac. 


Vegetable Oils as Lubricants 

A RECENT Bulletin of the industrial Research 
Bureau No. 18 indicates the amount of work that 
has been done to devise vegetable oil blends suitable 
for use as lubricants in internal combustion engines. 
The present issue covers the first part of the investi- 
gations and further work along the.se lines atul 
the results of engine trials using stabilized vegetable 
oils will form the subject matter of separate papers. 
The imi)orlant requirement of lubricants include 
chemical stability under w'orkiug conditions, a high 
degree of ‘oiliness' and a low co-eflicient of static fric- 
tion. Castor oil has been found to possess these quali- 
ties. Various patents have also been taken out in 
foreign countries dealing with processes for rendering 
ca.stor oil soluble in mineral oil. The mixture has in- 
creased viscosity and lubricating power. During u.sc 
however the high temperature causes oxidation of the 
lubricating oils which later deteriorates the quality and 
]»roduccs gum, carbon, sludge and acidic compounds. 
Mineral oils arc made somewhat resistant to these 
destructive processes by refining, which removes 
asi>haltic and unsaturated components, and then by 
adding certain anti-oxidants. But investigations 
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with vei^etable oils, which have been carried out so 
far, have not used refined oils. The present work has 
therefore started with refined oils and is devoted to 
remedy the defects not likely to be vitiated by some 
uf the undesirable components of the oil. Work has 
lieeii done on three Indian varieties of oils viz., castor, 
groundnut and cottonseed oil. In course of work 
oil the methods of stabilization against oxidation of 
oils the present refining processes have Ixien followed. 
In tile lalx>ratory tests, change in viscosity, acid 
value and Conradson carbon residue were determined 
before and after oxidation according to Hritish Air 
Ministry technique with modifications for accelera- 
tion of the processes. It appears that the ex- 
tent of the un.saturation of a given oil and its acidic 
con.stitiients determine whether or not it may Ik‘ 
effectively stabilized. The exact machanism of the 
stabilizing action is still obscure, although phenolic 
and amino grouiis coupled with more than one ben- 
zene nucleus have been found to exert a stronger 
stabilizing action than compounds characterised by 
other groups. 

Fibre Resources of Bombay 

A PRUMMINARY survey of the fibre resources of 
Hombay province has been carried out by Mr J. K. 
v'^ircar, Fibre Expert of the lX;partmeiit of Industries, 
in pursuance of the scheme for the develoimient of 
the fibre industry. The survey in the imiiortaiit fibre 
plant-growing districts of Ratnagiri, Uelgaum, 
Ahmednagar, Tliaiia, Poona and Nasik showed that 
existing plants u.seful for commercial and industrial 
utilisation are vSann hemp, Deccan hemp or 
“Ambadi”, aloe fiVire or sisal plant, linseed crops 
and “KittuP’ fibre. 

Sann hemp or “tag” is the most important 
fibre crop in the Province. During the war of 
1914-18, when the flax and hemp supply from Russia 
was stoiiped, Britain imported Sanii hemp from 
India in considerable quantities to use with the 
luiropean soft hemp in the production of twines, 
ioi)es, canvas and other articles. This assisted con- 
siderably the export trade in Indian Sann hemp,* 
specially the famous “Dewguddy” or “Devgad” 
type, which is produced in this province. The manu- 
facture of fabrics, other than canvas, from hemp of 
katnagiri quality, which is generally more cosily 
than jute, would not however prove profitable. If 
additional experimental chemical treatment and 
SI finning tests prove successful, it would Ixj possible 
to introduce a factory-scale industry to produce finer 
twines and canvas. The <juanlity of hemp manu- 
factures imported for 1936-37 into Bombay was valued 
3»30i7io for pack-thread, cheap bazar twine, 
fishing twine, etc. The manufacture of these twines 
an be carried out in cottages with proper organisa- 


tion. As peoi)le have no knowledge of the industry, 
the Bombay Oovernnient have recently sanctioned 
a peripatetic demonstration party to train villagers 
in twine-making. 

Ambadi hemp is another major fibre crop of 
the province, but there is i)ractically no trade in this 
fibre. Experimenls with the existing (luality of fibre 
have .shown that, if it can be grown and retted pro- 
perly, it could be utilised for the manufacture of 
gunny -bagging, set-sacking for carrying raw-cotton, 
car])ets and unsized twine. 

Regarding sisal hemp, experimental work has 
shown that commercial and profitable utilisation of 
existing Agave leaves on improved lines would play 
an important part in the rural economy of the 
countryside. This can be done by training the 
villagers in improved niethcKls of extraction of fibre 
and the manufacture of commercial commo<litics. 
Further an investigation into the collection and 
marketing of “Kittnl” fibre is expected to prove 
of benefit to villagers and helpful to brush manufac- 
turers. 

Marketing of Eggs in India 

Tins importance of poultry keeping in. India 
and Burma is indicated by figures given in the latest 
of the Marketing Series, which takes the form of an 
abridged report on the marketing of eggs in India 
and Burma. The report states that India produces 
every year alxiut 33,648,00,000 eggs and Burma 
about 1,636, oo,(X>o. The total value of the eggs sold 
in the course of the year amounts to Rs. 5,25,00,000. 
The value of the birds themselves is equal to approxi- 
mately Rs. 7,5o,oo,(X)o. In the course of marketing 
the loss due to ‘staling’ of eggs, breakages, etc., 
amounts, at some periods of the year, to as much as 
25 per cent, and the total lo.ss to industry from 
various causes is estimated by tlie report at over 
Rs. 57,00,000 a year. As an instance of wastage which 
occurs, the report states that los.ses in grading eggs 
due to the i>resent haphazard method, s of keeping 
poultry are estimated at Rs. i4,fX),fX)o a year ; 
breakages in the course of collection, transport and 
distribution are estimated at Rs. 15,06,000 a year, 
and staling in the course* of marketing is estimated 
to cost Rs. 2S,(.)o,ooi} a year. 

In order to eliminate this wastage the provision 
of Ix'tter housing and nesting, improved containers, 
more rapid and systematic collection of eggs and the 
provision of insulated and refrigcrate;d transport 
facilities and more cold stores at rail-head .in the 
larger consuming centres are strcs.scd in the report. 
Apart from eliminating over Rs. 50,00,000 worth of 
loss due to wastage, experience has shown that proper 
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“Aftiiiark’* grading and marking of eggs brings in 
enhanced returns to the extent of 15 to 20 per cent. 
As there are, at least, 150 centres already in existence 
where anything up to 50,000 eggs are assembled 


daily, the rapid expansion of organised grading and 
marking stations would easily and readily be done by 
local marketing staffs and co-operative departments 
with much profit to poultry keeiiers. 


India’s Industrial Waste : Fusel Oil 

S. Dutt 

Department of Chemistry, Allahabad University. 


I'usKK oil is a product of the fermentation of 
saccharine materials by yeast during manufacture of 
wines and spirits. It is formed in minute quantities 
and is the substance mainly responsible for the 
characteristic smell and taste of spirituous liquors. 
Most of the wines and spirits that are in the market 
nowadays contain from 2 to alxiut 800 parts of fusel 
oil per 100,000 parts of the material, and some of the 
illicit drinks prepared in country stills may contain 
much more than this proijortion. Fusel oil is a 
recognised ])oisoii to tlie human system, and most of 
the ill ecects drinking alcoholic liquors have been 
attributed to the insidious iioisoning by fusel oil con- 
tained in them. Hence many of the manufacturers 
of wines and of spirits, particularly the latter, try to 
remove much of the fusel oil from their products by 
fractional distillation or by chemical means, and the 
maturing of wines and spirits by aging in wooden 
casks or barrels is really intended to remove as much 
of the fusel oil as possible by a process of absori)tioTi. 
The following table will give an idea of the propor- 
tion of fusel oil present in various wines and 
spirits : 


I'lSM, on. IX WINKS AN II Sl’lRlTS. 

.Wwic of the i^inc or spirit Paris of fusel oil in 

W0,0()0 parts of the 
spirit or leinc. 

P7— 3 

.3 — 5 

5—7 
8 10 
3 - 5 

3 — 5 

2 4 

4—6 
35 — 40 
95 — 108 
189 - 224 
217 — 265 
253 
354 
668 

923 —1254 


The removal of fusel oil from spirits by frac- 
tional distillation is known as rectification, and the 
pure spirit thus obtained is known as “rectified 
spirit”. Hut even the most highly rectified spirit 
contains 2-3 parts of fusel oil in 100,000 parts of the 
spirit, for all ordinary purposes, however, this is a 
negligible (piantity. The rectification of wines or 
fermented liquors for the production of rectified spirit 
is carried out in a large distillation apparatus patented 
liy Coffey in 1831, and which is on that account 
known as “Patent vStill”. In that apparatus which is 
divided into two parts known respectively as the 
‘analyser^ and tlie ‘rectifier*, almost complete sepa- 
ration of the alcohol from the water and the fusel 
oil takes place, and the fusel oil being insolulde in 
water, now l>egins to float on the surface of the wash 
water as an oily layer with a strong characteristic 
odour. It can therefore be easilv seiiarated from tlk* 
water and collected. Hut in India although there are 
quite a number of factories manufacturing rectified 
si)irit from fermented molasses, yet in the vast 
majority of them, the fu.sel oil is never separated or 
collected. It is allowed to go to the drain with the 
waste water, and therefore a valuable industrial 
material is lost. India is a country of colossal wastes, 
and the loss of fu.sel oil in the alcohol factories in 
• India is an example of these. For every ioc.x) gallon'^ 
of rectified spirit produced, 3-5 gallons of fusel oil 
are also produced simultaneously, and if this is re- 
covered and utilised as indicated furtheron, it may 
constitute an important source of national wealth. 
The ]ire.sent author has already indicated in a separate 
article that India now produces in her sugar fac- 
tories, over 200,000 tons of niola.sses, which when 
fermented and converted into rectified .spirit can yield 
enough fuel to meet mo.st of the motoring needs of 
India. 8imultaneously there will also be produced 

• “Rectified spirit as motor fuel” in SciRNCK ANi> 
CUWURK, 5 , 698, 1940. 


1. Ik'er 

2. Sherrv 

3. Madeira 

4. Port 

5. Cider 

6. Claret 

7. White wine 

8. Red wine 

9. t'.in 

10. Jamaica rum 

11. ne>yar wliisky (5 years) ... 

12. T-Tinise of I^ords whisky (iO years) 

13. Heiiessey brandy (2 years) 

14. Martel brandy (10 years) 

15. Boiirhonc whisky (new) ... 

16. Country spirits (.^5 U.r.) Pot Still ... 
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nearly 50000 gallons (i.e., approximately 250 tons) of 
iusel oil which can easily satisfy all the present tech- 
nical and industrial demands for this material. f>ii 
.u'coiuit of the large number of uses that have already 
heeii found for fusel oil and its derivatives, it is high 
lime that the large-scale recovery and utilisation of 
fusel oil be started in India now, so as not only to 
partially prevent the flow of national wealth to foreign 
countries, but also to make use of a wealth that is 
literally going to the drains. 

h'lisel oil is a bright yellow oily liipiid with a 
specific gravity of o'8;^ to 0 85 and an intense and 
nauseating odour of old whisky or rum. It is in- 
soluble in water, but easily soluble in 70 per cent 
alcohol. It dissolves waxes, resins and oils of various 
description, and on that account is ofen used in the 
j)reparation of furniture polishes, leather dressings, 
paints, varnishes and enamels, but its mo.st important 
use consists in the lU'cparation of butyl and amyl 
alcohols and their acetic e.sters, which are commonly 
n^ed as industrial solvents. 

'Phe compositions of fusel oils differ very con- 
sidiTablv from one another according to the source 
from which they are obtained and also according to 
the conditions of the fermentation. The following are 
recorded analyses in literature of fusel oils from : 
(i) beet, (ii) grapes, (iii) barley, (iv) i«>tato and 
|v) maize ; 


TAIUdC II. Awi.ysi-s ok I'CSM. Oils. 


(I'ljiHrcs iuiUcalc pi'nvutaiir of varioiLs ronif^oncnls). 


OoniiioiiMitM 

Bi'ul 

Ora]if’8 i Burley 

1 

Pot.ito 

MHize 

lUliyl alcohol 

) 


! 

i 



.NcftaUleliyde 

\ 5-8 

6-2 

; 50 

7-5 

4-8 

.\(Ttal 

3 


! 



Water 

8-2 

9-.S 

i G'5 

12-5 

60 

Isopropyl alcohol 



i 

15 0 


Ji-propyl alcohol 

130 

Lvi 

i 31 0 

30 

3-6 

K"hnlyl alcohol 

12-4 

6 5 

! 5-0 

24-3 

15-7 

alcohol 

(v2 

7-5 

i 

3-5 

7-5 

Isoaiiiyl alcohol 

51-6 

53-2 

i 42-3 

27-5 

57-3 

i/-hfxyl alcohol ... 

0-3 

0-3 

, 


12 

a-hvpivl alcohol ... 

trace 

trace 

' trace 

trace 

trace 

I rcc fatty acids 

01 

0 1 

1 016 

01 

trace 

I'Mltv acid esters 

0-2 

n 1 

0 2 

l)-2 

i 0-3 

>'nrfur«»l find liases 

trace 

trace 

trace 

trace 

trace 

l et penes 




0-3 


- — 








There has been no authentic record of the com- 
l»lete analysis of molasses fusel oil in literature, but 
present author has carried out the following 
*nalysQs of four samples of Indian molasfies fusel 

7 


oils collected from distilleries situated in different 
parts of India : 

TAHIJC III. .Vnalvsi'S ok Imm.v.n .moi.a.ssks kcski, oii.s. 


(Fiffiircs imiucitc rx/u.iji'.s' 0 / various iouif>onvut^) 



1 

i 


Frum 



1 F rum Uosu 

Frniii 

Wiiri'i' 

From 

Conipofii'iitH 

1 DititilU'ry, 

Osiwnjiure 

Brc-wi-ry 

M utidya 

ShHhji'liiiti ■ 

DiHtillery 

Co. Hawiil- 

Diatillery 


; Diir (ll.l* ) 

(OP) 

liiiidi 

( M yH.>rc*) 


i 


(Punjab) 

hHhyl alcohol 

i 

... j 1-2 

.S...7 

0-55 

trace 

Ihityric aldehyilc 



li-2 


I>.o])rop>l alcohol 

‘ ' 17-6 

i-'i 

21 

18-4 

»/-l*ropvl alcohol 

3-2 

0-23 

008 

0-49 

Water' 

5-7 

51 

60 

5-1 

.\celal 

16 

01 2 

0 04 

016 

Isohutxl alct»lnil 

1-8 

0-22 

002 

0-16 

Ixthyl isuhiilx rate 

... 1 0-7 

016 

0(M 

018 

il-Hiityl alcohol 

.. ' 50 

0-37 

0(H> 

0-34 

I.soatiiyl alcohol 

... 00-9 

85-2 

729 

66 2 

i/-Amvl alct)lu)l 


01 

' 0-08 

0-71 

h'lhvl \alerianalc 

■ trace 

0 03 

; 0-02 

0 02 

;/-IIexyl ah'ohol 

... ' 0-2 

OM 

i 0-08 

007 

«-Heptyl alcohol 

0-2 

0-52 

; 0()3 

032 

»/-()ctyl alcohol 

0-7 

0-.S2 

005 

0-51 

il-Noiiyl alcohol 

... 1 

002 

0-24 

OOC 

Higher esters 

... 1 trace 

3-2 

21 

2 3 

l^'roni the ii 

ibove figures 

of analyses, it 

can Ik* 

ea.silv seen that there are two important tani.stiluents 

in Indian Patent v^till molasses fuse 

1 oils wbicb are 

present in large 

(piaiitities, 11 

inicly isopropyl 

alcohol 


and isoamyl alcohol. Hoth these substances can be 


easily recovered from nn)lasses fusel oils by a process 
of fractional distillation. 'Phe following are the 
chief chemical and physical proi)erlies of these useful 
substances : 

/.vo/>o>/m 7 Jlroliol \{ is a colourless highly 
inflammable li(iuid with an agreealde .spirituous smell 
and a si)ecif)c gravity of 07S1) at 2o°C. It is miscible 
with water in all proportions. It boils at and 

has a high dissolving ]»()wcr for waxes and resins. 
It also dissolves to a fair extent the lower nitrates 
and acetates of cellulose. ^Phis together with its 
great volatility, makes it an excellent solvent for 
.spray varnishes and enamels and also for shoe and 
furniture polishes, but unfortunatldy its comparative 
rarity and high ])rice up till now have prevented its 
common use for these purposi.t'^. In ease it is manu- 
factured from molasses fusel oils in India, it can be 
easily made available for these purposes for which 
it is admirably suited. When oxidised, it is con- 
verted into acetone, which is another verv important 
industrial solvent, indispensable for cellul(»id and 
ex]do.sive manufactures. 

Isoamyl Alcohol -It is a colourless oily liquid, 
insoluble in water and lK)iling at t2Q-.^i°C. It is 
inflammable and hds a iieculiar and characteristic 
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ciiipyicuiiialic smell, which is somewhat in dis- 
favour uf this otherwise excellent organic solvent. It 
has a .specific gravity of o’Si at 20^C. It is an 
excellent solvent for a wide variety of gums and 
resins and also waxes of various descriptions, and is 
on that account used in the manufacture of paints, 
varnishes, polishes and enamels. Hut the introduc- 
tion of its acetic ester as an industrial solvent, has 
put amyl alcohol in the hackground on account of 
the fact that amyl acetate has a much imjie i>ower- 
ful .solvent action than amyl ah'ohol. Hesides that, 
amyl acetate dis.s(jlves many important synthetic 
pla.stics like pyroxylin, lelluloid, xylonite and acetyl 
celluIo.se, on which amyl alcohol has hardly any 
action. As an additional advantage, amyl acetate 
has a pleasant hanana-like .smell as contrasted with 
the nauseating empyrcumatic smell of amyl alcohol. 
On account of these interesting properties, amyl 
acetate is now a very important industrial solvent, 
and so a description of its method of preparation and 
properties would he (luite appropriate l)efore the con- 
clusion of this article. 

Amyl Aci'hUc — On an industrial sc'ale this com- 
l»ound, which is techuically speaking the acetic ester 
of amyl alcohol, is manufactured hy heating a 
mixture of amyl alcohol and glacial acetic acid with 
concentrated suliihuric acid or anhydrous calcium 
chloride. In actual practice, 20 kilos of amyl alcohol, 
50 kilos of glacial acetic acid and 10 kilos of con- 
centrated sulphuric acid or iS kilos of anhydrous 
calcium chloride are heated together under a reflux 
condenser for h or S hours. With sulphuric acid the 
yield of amyl acetate is 20 kilos, and with calcium 
chloride, .'5 kilos. 'I'he ester is washed with water, 
dried and jMirilied hy fractional distillation. On 
account of the greater cost of calcium chloride, 
sulphuric acid is generally used as the condensing 
agent, in spite of the dimiiii.shed yield of the ester. 
The pre-war price of amyl acetate in India at ports 
was aliout Us. 2/S/- ])er iiouiid, hut now the price 
has gone up considerahly and it is only available 
with <lifliculty. 

Amyl acetate is a c«)lourle.ss oily litjuid, insoluble 
in wjUei, with a very pleasant fruity smell resein- 
hliiig banana. It 'boils at aiuf has a s])ecilic 


gravity of 0*872 at 25°C. In small (luantities it is 
used in syrups, sherbets, aerated drinks, toffees, 
lozenges, jellies etc., as a banana essence. But its 
ino.st imi)ortant use nowadays is in the manufacture 
of iiitro-oelhilose paints and varnishes of the type of 
Diico, I)oi>e, Nitro-valspar etc. It has a high dis.solv- 
ing power for celluloid and is extensively used in 
that industry and alstj in the preparation of celluloid 
varnishes like fllazo, Plastico, Cntex etc. It is also 
used in tlie manufacture of a siiecial kind of artificial 
silk or rayon known as Celaiiese, and is also em- 
]>loycd to an increasing extent in the explosive 
indnslry as a partial snb.stitnte for acetone in tlic 
maiinfaetnre of cordite. Amyl acetate is one of the 
most imporlruit industrial .solvents of the present day, 
and any country posscs.sing the necessary raw 
materials for its manufacture is likely to be at an 
advantage in the commercial world. 

luMlnnatcly India is iii a very good position for 
the manufacture of amyl acetate. If all her molasses 
resources are converted into alcoliol, there will be 
available in this country nearly .soooo gallons of 
fusel oil, from whiidi about booo gallons of amyl 
acetate, valued at Ks. ib lakhs can be easily ine- 
pared, which will not only satisfy the present need 
of India for this important material, but will also 
leave a substantial surplus for export. In the ])resciil 
stage of industrial development of India, she can 
hardly afford to overlook this im])ortant source ol 
national wealth. 

It will be interesting to note in this connection 
that the iireseiit author, who first slarletl the chemi- 
cal examination and analysis o** Indian molasses fnsd 
oils, has recently discovered a very interesting 
reaction by wliich tlic amyl alcohol contained in tlu.- 
Indian fusel oils can be (inantitatively converted into 
amyl acetate with llie help of a calaly.st which i-^ 
recovered unchanged at tile end of the reaction. 
When apiilied on an industrial scale, this reaction 
w'ill revolutionise the method of manufacture of amyl 
acetate and inake it very easily and cheaply availablr 
to Indian maim fact iirers w ho are in need of tluit 
substance. This reaction or i)rocess is being madi 
the snbjecl (>f u patent liy Allahabad University. 
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Central Advisory Board of Health 

At a remit niecliiif* of the Central Advisory 
Hoard of Health, consisting of the representatives of 
i1k‘ central and provincial govenniietits and of the 
governments of certain Indian States, reports <if two 
special committees appointed to investigate the 
l»^>s^il)ility of introducing compulsory inoculation of 
liilgiims against cholera and to study the complex 
tliieslioiis associated with the ineventioii of food 
adulteration in India were considered, besides the 
t|iiestions of providing free lalM)ratory vService for 
diagnosis of infectious diseases, uiikeep of the health 
of school children and of the lack of enforcement of 
liye-laws from hygienic view-point by the local 
bodies in the matter of building houses. The Hoard 
lecoiiimeiided that provincial governments should 
select suitable centres in their areas and try out a 
si'lieiiie of indirect coinjmlsory inoculati<m on lines 
successfully tmrsued by the (hnernment of Honibay 
for the past four years in connection with the 
I’aiidharpur festival. The committee on food adul- 
teration has so far considered only the technical 
aspect of the probeliu, including food standards and 
licliniiiue of food analysis, and it is expected that 
ils reports on the legislative and administrative 
aspects will be made available for the Hoard at its 
next meeting. 'I'he committee emphasised the fact 
that the iinproveniciit of methods of food analysis 
and the prevention of food adulteration in India will 
have to be a continuous process and that the 
'-st ildishmeiit of co-ordination between the provinces 
is a matter second to none in urgency. With this 
I'bjcct in view the Hoard recommended the appoiiit- 
uieiit of a standing committee to be called “The 
thntral Committee for Food vSlandards” which 
Aould be in a position to advise the central, provin- 
t ial and State governments on all aspects of foo<l 
'dulteration. All-India standards for 17 articles of 
•'xxl, have already been recommended and the 
^'andards for other articles will be investigated by 
'’10 ])roix)sed Central Committee for F(X)d Standards. 
Tile Central Committee would issue “instructions*’ 
incorporating the latest available information 
Regarding methods of analysis for the use of the 
I’liblic analysts. The standardisation of methcKls is 


as important as the unification of standards of food 
purity. 

The provision of a free lalxiratory service to 
medical practitioners is essential for a successful 
campaign against typhoiil and many other infectious 
diseases. 'I'he value of such provision was demons- 
trated in Hombay during an epidemic of typhoid 
lever in when the ('fovernmeiit of Hombay 

placed the seivii'es of the IlalTkiiie Jnslitule at the 
disposal of the medical jiraclitioners of the city. The 
Hoaul lecomnieiided a scheme for starting a pro- 
vincial laborat«)ry service which outlined a system 
ol small district laboratories supported by. regional 
laboratories for groups of districts and by a central 
laboratory for the province, which would co-ordinate 
the activities of the regional and district laboratories. 


Vitamin C and Gold Therapy in Arthritis 

Nowadays gold preparations are extensively 
used in the treatment of tuberculosis and joint 
diseases, 'riouldesome comi>li('atit)ns i»ften met with 
in course of the gold theraju' are diminution in the 
number of red blood cells and redness of the skin 
associated with some eruptions. 'I'hese complica- 
tions are considered to be due to i)()isoning of the 
body with the metal, v^ccher (IaiuccI, /, 77^5, i().p.)) 
determineil the ascorl)ic aciil content of the l)lood of 
these patients and no blood asc«)rbic acid was 
obtained in these cases. He therefore administered 
vitamin C to some of liis patients suffering from 
arthritis along witli samK'iysin (a g(dd prei»anition) 
injections. All the complications subsided and 
blocKl ascorbic acid rose to the normal level. He 
therefore suggests that the reactions or cfHni)lications 
often met with after injections of gold ineparations 
are due to the liberation of toxins from the site of 
infection and not due to the metal itself. When 
vitamin C is administered in increased amounts, it 
combines with or neutralises the toxins liberated 
after gold therapy and thereby prevents the re.siilting 
complications. He advocates vitamin C therapy 
lK*fore and during treatment with gold prei)arations. 

• 5 . B. 
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Sulphathiazole in Bubonic Plague 

»Sri.PiiATiii.\Z()i.i':, a lietcrocyclic clerivativc of 
sulpliaiiilaiiiidc, lias hcvii found to lx* sii|K*n«>r to 
suli»liapyndiiK* in the treatineiit of Inilxmic phiKUe in 
the hands of Sokhey and Dikshit (luinccl, /, 1040, 
K>p)). TIk-v have cured So% of plaj»iie-infectcd 
mice hy iiijectiii” within twenty four hours of 
infection, 10 inj;. of sulidiathiazole, twice a day, for 
ten days. If the Ireatineiit is coniiiieiiced within 
forty-eii’ht to seventy-two hours after infection, a 
hi^^hcr dose of ^ twice a day f(jr ten days is 

necessary to cure «So — goV^, of infected mice. 

S. li. 


Vitamin P and Purpura Haemorrhagica 

jKRSi.ii) {lAint'i't, i, 1445, ig^tS) succes.sfully 
treated cases of Hemjch’s purjnira with vitamin P. 
Scarhoroimh and Stewart (Lanctl, i/, Oio, ig^S) 
treated two cases of jiurimra haeiiiorrhajiica, deve- 
loped after arsenic theraiiy, with the vitamin. 
Recently (lorrie {l.ancct, i, 1005, 10.40) curetl a 
similar case of purpura hacmorrha>4ica with vitamin 
P. There was no deficiency of vitamin C in this 
case. . 

.S. 1.1 


Radium and Radon 

kt^ss and vSeott {iM-ncet, i, 1048, rQ4o) compared 
the hioloj.’ical reactions of radium and radon on the 
rabbit’s ovary. Similar effects were produced in 
each case. Radon is more easily available than 
radium, and in the jilace of radium therefore radon 
may be used with advantage in the treatment of 
cancer, tumours, and of skin and other diseases which 
are now subjecteil to radium therapy. 

S. B. 


. Decurvon 

Br.min (Lancet, i, 1078, K340) has described a 
preparation of insulin, Decurvon, in which a highly 
purified pectin, consisting of an ester of galacturonic 
acid, has been added to iiivSulin. The action of this 
preparation of insulin is much more prolonged than 
that of ordinary insulin. The injection of this 
preparation is ab.solutely painless. No reactions arc 
met with as are often obtained with zinc-insulin 
prei>arations and unlike the latter it can l)e injected 
intravenously in cases of dialxdic coma. 

• S. B. 


Use of Hypertonic Solution of Sucrose in the 
Treatment of Hypertension 

Pi)R the reduction of increased intracranial 
pressure 20 to 25 per cent., solution of sucrose is 
Ijeing frciiueiitly used nowadays. Bullock ei al 
(Jmcr. Jour. Physiol., 112, 82, 1935), Massermau 
et al (Bull. Johns Hopkins Hasp., 57, 12, 1935) ‘Uid 
Jackson vt al (Ann. Surg., loh, ibi, 1937) obtained 
beautiful results after the intravenous administra- 
tion of hypertonic solution of sucrose. The sugar 
was excreted l>y the kidneys and there was profuse 
diuresis. No serious toxic effects were obtained. 
Helmholtz (Jour. Pediai., 144, 1933), however, 
observed that hypertonic sucrose given intravenously 
to rabbits produced swelling and degenerative 
changes in the renal convoluted tubules. This 
observation f)f Helmholtz was confirmed by Lindberg 
ct ill (y\rch. hit. Med., 6^^, qoj, 1939) dogs. 
Ander.son ct al (Jour. Anicr. Med. Assoc., 114, 198s, 
K)4o) observed similar pathological changes in tlu- 
renal tubules in six patients after j^ost-mortem 
examination. These patients received intravenous 
injections of hypertonic solutions of sucrose. Hypei' 
tonic sucrose therefore should not be u.sed in cases 
of hyi>ertension. 

S. B. 


Indian Ephedra Research Creates Demand 

Accokiung to inve.stigations carried out in the 
horest Research Institute, Dehra Dim, the actiw 
principle in the Indian ephedra is iu no way inferior 
to the Chinese eidiedra^ which till lately constituted 
the chief source of supply of this drug. This drug 
is a potent remedy for asthma aud hay fever. Indian 
ejdiedra is now lx*ing exjiorted to the United King- 
dom, but till 1938, export to the United States o 1 
America was almost negligible. In 1937, China 
exported ephedra to the extent of over two million 
lbs., of which the United States of America alone 
took 1,196,000 lbs. But iu 1938, when supplies from 
China aud Spain were reduced by wars in those 
countries, India exported to the United States ol 
America 446,300 lbs. of the drug worth about 
Rs. 88, 000/-. If Indian ephedra is to establish her 
self in the American market — for which this is thr 
right time— there must be a regular supply of tliv 
drug of luiiforinly high quality. This can only lx 
ensured if the right species of the plant are collected 
from suitable localities and at the proper season 
Failure to attend to these essentials in the past stootl 
in the way of India’s getting a permanent foothold 
for her produce in the world markets. 
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Delhi Urban Housing Scheme 

A DKVKi-oi'MKNT of considerable importance is in 
progress in regard to housing .conditions in the old 
city of Delhi. The principle has been accepteil by 
(roveniinent that assistance should lx* given to 
persons di.spossessed by slum clearance schemes to 
enable them to obtain not only alternative acconi- 
iiiodation but also accommcKlalion of suitable stan- 
dard from the hygienic i>oint of view. The minimum 
relit for houses fit for human habitation was assc-ssc'd 
by the Delhi Improvement Trust at Rs. 5/- jier 
month and the lowest income which could afford to 
pay this rent at Rs. 30/- per month. It has been 
accepted that a family with an income less than this 
amount cannot pay for a house fit for human habita- 
tion and that it, therefore, needs assistance for 
rehousing. Three ty])es of houses have been pro- 
posed, one-roomed, two-roomed, and three-nxmied. 
.Vot more than three adults (counting two children 
as one adult) are to be i)ermitted to live in a single 
roomed house and not more than five adults in two- 


roomed houses, while larger families would lx per- 
mitted to live only in three-roomed houses. Standard 
plans have been prepared for these types of houses, 
the approximate cost of which will he Rs. 450/-, 
Rs. t>oo/- and Rs. 730/- according to class. 

The experiment inoposed in Delhi will make 
it possible ft)r the ixMir class families to own their 
own houses on the hire lairebase system. The 
average capacity for rent of the families to be dis- 
possc^s.sc<l is estimated at Rs. 2-13-0 per month while 
a return of Rs. 5-3-b per month is stated to lx neces- 
sary to meet the total cost on a non-profit basis, 
including the charges for eipiated instalment pay- 
ments over a perioil of 20 years. Any dispossessed 
family which can i)ay the rent of Rs. 3-‘^-<> pvr 
iiioiilh will be admitted to the benefit of ownership 
through the hire pnrch.'ise system, the difference 
between this amount and the miniinuin rent for 
covering tlie cost i)f the scheme as indicated above, 
being met by grants from the uroceeds of a speciid 
entertainment tax imiiosed liy the (Tovernmeiil. 


Carotinoids and their Biological Importance 

B. Ahmad 


Department of Biochemistry and Nutritiont 
AU-India Institute of Hygiene and Public Health, Calcutta. 


^^AROTINOIDS is the name given to a group of 
yellow to orange and red pigments which are 
Very N^dcly distributed in nature. They <x'cur in all 
forms? of living organisms ranging from the lowest 
liacleria to the bigliest forms of idant life. Tn the 
animal kingdom they are also present from the lowest 
to the highest animals, from protozoa to man. The 
name carotinoid is derived from one of the iiigmeiits 
of this class “carotin*’, so-called because it was 
o])tained from carrots (Paucus carola), which was 
the first pigment of this class to be isolated in crys- 
talline form. Carotene has not only lent its name, 
blit has proved to be the most important pigment of 
this group. 

Carotene was first descrilxd by Wachenrodcr 
(1826), who called it carotin. Arnaud (18S0) proved 
the hydrocarlx)!! nature of the pigment and it was 
Willstatter and Mieg (1907J who definitely settled the 
composition as C4oH5fl, described its properties, its 


iiiisatnratcd nature, and developed inetluxls of isola- 
tion and purification. 

WillsUitter’s work gave a lot of stimulus to the 
study of the carotinoid pigments. It was discovercil 
that these pigments were most universally ]>resent. 
They were present in all sorts of locations and under 
all sorts of circumstances, h'or example, ‘besides 
carrots they were present in a mimlxr pf other roots, 
in the chlorujilastids, in the li.ssues of chlorophylla- 
ccous plants, in leaves, particularly in all green 
leaves, in etiolated leaves, in naturally yellow leaves, 
in yellow autumn leaves, in the autumn and winter 
reddening of plant tissues, in flowers, in fruits, in 
seeds and grains, in a large number of red and green 
algae, in fungi, in brown and red seaweeds, in 
Inicteria, in diatoms, in moulds, and yea.stS| in the 
coquis luteum of mammals, in the bhxid serum, in 
the milk fat, in adipose tissue, internal organs, skin, 
nerves, in egg yolk, in the retina of the eye, in 
feathers of birds and in tissues of fishes, amphibians, 
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reptiles, insects, cnistncejins, echiiioderins, inollnscs, 
worms and sponi;cs etc. 'I'liese are just s<Mnc of the 
tissues quoted Iw way of example from which these 
pigments were isolated and studied. This universal 
occurrence of carotinoids in both fdant and animal 
tissues raised the (iiie.stion, "Have they any function 
to fnllil In plants they .should have a function 
since the idaiils syntliesi/.c them and they are almost 
always ass«jciated with active metalKdism. The 
understandin.e: of the functions of the carotinoids in 
the plants, however, has not pro.eressed beyond the 
domain of conjecture. Without considerini* the 
various hypotheses a<1vanced, let me at once proceed 
to the most interestin.e (luestion, whether the caro- 
linoids have any fuucti»)n in the life-process of 
animals. 

Palmer was the stroni>est exponent of the view 
that carotinoids in the animals have no function at 
all. 'J'hey are simply there Iw accident since they 
are s»> abundantly pre.seiit in the food and they are 
there until the organism is able to excrete them or 
disi)ose of them in a suitable manner. On the other 
hand, some investigators were not inclined to the 
view put forward .so strongly hy Palmer. They con- 
sidered that occurrence of carolinouls in tissues, of 
vital iniportance to the organism and in concentra- 
tions which bore no coini)arison to the rest of the 
body, oiTered a strong presumption that they wx*re 
re(iuired there for s<ime specific purpose. Take for 
example, the corpus luteuin, or the yolk of an egg. 
Drummond, and Coward in a number of earlier 
pajiers dealing with vitamin A pointed out this 
phenomenon. The occurrence of carotene in a 
greater concentration in closterum than later milk 
might mean that it was required for the new-born 
calf. 

The controvers>' between Palmer and Steeuliock 
is too well known to be recounted in any detail. 
StcenlKKk (iqiq) put forward the suggestion that 
vitamin A activity was associated with yellow colour 
in most plant materials. During the course of three 
years that folfowed, Steen bock ami collalxjrators pub- 
lished a series of paiicrs showing a close relationship 
iHitweeii vitaiuin A*activity and the yellow colour of 
several roots, (’.jir., yellow corn vs. white corn, green 
leaves vs. etiolated leaves, green peas vs. yellow peas 
and .so on. Ami later in 1020 Steenbock and colla- 
borators made a definite .statement that carotene with 
a constant m.]). cr^uld induce growth in rats on 
vitamin A-deficieiit diets. 

Palmer, ‘who very strongly refuted the conten- 
tion of 5>tcenbock, stated that the mere fact that caro- 
tinoids are of wide spread occurrence is no evidence 
of the fact that they nm.st play a role in metalM>lisin. 
The more sensible view to take* was that they are 


mere casual products in the animal organism derived 
from their food of plant origin! Palmer brought for- 
ward suhstaiitial evidence to prove his argument : 

(i) Carotinoids are not present in the tissues of 
all animals c.g., .sheep, goat and swdne. The 
cow can exclutle xantht)phyll and the hen 
carotene from its tissues. This meant that 
these animals have the power to destroy one 
or the other of the carotinoids more effi- 
ciently. If carotinoids had any function, 
they would be of general occurrence and 
would always be pre.seiit in the tissues. This 
is not the case. 

(ii) hA'eii in such animals in which carotinoids 
naturally occur, they had no function 
l)ccause it could be experimentally shown 
that fowls could be raised from hatching to 
maturity on rations devoid of carotinoi<ls. 
'I'hese fowls grew' normally, lived healthily, 
showed normal fecundity and power of 
reiu'oductioii, i)roduced eggs with white, 
carotinoid-free egg yolk and from those eggs 
normal chickens hatched. 

(ni) Albino rats grew and reproduced iiornially 
on almost carotinoid-free Kwe milk fat and 
carotiiioid-frce egg yolk. 

Such was the strong and convincing evidence 
brought forward by Palmer that for a time Palmer’s 
view-])oint seemed to havx* triumphed. 

lilight years later in ic) 2 .S luiler, Euler and 
Hellstrom again reopened the question and delinitel> 
stated that pure carotene was aetivc as a .source of 
vitamin A. They exjdained that the failure of the 
earlier tests was due to the fact that these diets were 
deficient in vitamin D. Vitamin 1) was then not 
differentiated from Vitamin A. Very soon this obser 
vation w'as confirmed in other laboratories. 

After it w.'is proved that carotinoid pigments 
were of biohigical iniportance there was added interest 
*and activity in this field. During the years following 
the work of Wilkstiitter and his school there had been 
little work undertaken in this field. But now the 
organic chemist with his modern eipiipinent attacked 
the problem and in cour.se of a few years tremendous 
advance was made. Many new carotinoids were dis- 
covered and the whole chemistry, structure and 
formulae of the more important carotinoids were 
established. Credit for these outstanding discoveries 
rests mainly with Profe.s.sor Paul Karrer and his 
school at Zurich and Professor Richard Kuhn and 
his colleagues at Heidelberg. A brief outline of the 
more important featiircs of this study is presented 
in the form of a table. (Table i). 
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Ktinat'k.s. 


l)isi<i\iriMl l»y VV.'n'luMirculcr 
(IS2rt) ; l‘\H‘tnnlu soUk'il by 
WillsliilU-i ami ( 1907 ) ; 

Striu'Uirc workfd out by 
Kiimr (1931). 

Isinnoric forms sliowii by 
Knim i i ill ; Karivr ct al ; and 
Kosriilicini and vSlarliiiij in 
1931 ; iMMiiiula worki-d out 
b\ Karrcr and oil lira i^ucs. 


Slnirlnral I’urmula worki-tl 
nut by Karnr (1932). a & 
fi jiiii lu* sij)arati‘d by frao 
lioiial i-r\ >lallisaLion <)r frac- 
tioti.'d adsorption on iil^roiiR 
clay or I'lillcr’.s cartli. 

: 1 )is('ovcrcil by Wintcr.stcin 
and I{lirciibcrjLr (1932) ; car- 
rot pimnctits contain \% of 
it. Maish-dodili-r contain.s 
l.irv;c amotmts. Slructurc 
b\ Knlm ainl b’rocknian. 

DiscoviTcd bv Wintcrslcin 
(1933). 

'riic red pi>»nicnt of tomato 
contain conifers and red 
I pi'ppcr, I«'xislcnct‘ in flowcr.s 
I sliown by Zechmeister. 
v^lrnclurc worked out by 
ICerrer. 

, I'oriiiula settled by Will.stiit- 
ti r and Mei^ (1907) ; Tswett 
postulal<*d 4 xanlluipliylls. 
n, a’ a", (i. I\n1in ^^ot only 
a siiyylo one. However i.so- 
niers likeli. It is derived 
from oplic.'dly active caro- 
, tene, i.c., a-carolenc. 


lM\Mnenl »)f \ell«iw corn. 

Isomer of xaiitlioplivll, dis- 
■ covcreil by Karrer. Lutein 
! yolk vs 30% zia x.an- 

: thin, 70'\', xantlio]>liyll. This 
i is derived from iiiaelive fi 
I carotene. 


Diseox «*rcil |»y Kulm and 
('.ruiultttaii. Present in yel- 
low i-orii with /ea-santliiii. 
'i'bc piipiieiit m p.i]i.iy.i is 
m..imly ki vj>to-\anlbiii 'I be 
biological activity of yellow 
c<»rn is ihie to this. 

Discovered by Kuhn ami 
(irundnian, xanthop'hyll de- 
rivative of y-i'arotenc. h'or- 
iiiiila and -(ructurc shown 
by Kulm. 
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TAHIvIi I Conlinued. 


1 

Name. 

Im )1 inula. 

Double 

ImukIs. 

( )xygeii 
linkages. 

Physical 

constants. 

9. 

I'lavo-xanthin 


11 

3 on 

M.P. 184^0 






[a] 11 190« 






<*'..11.. 

10. 

X’iola'xaiitliin 


m 

3-4 on 

51. P. 2()7-20H^\' 






[«1 +.w° 






cnci, 

11. 

'rara-xaiithiii 


- 

4 on 

M.P. I.84-18.VV. 






r«] f,;* +2W)° 

12. 

I'uco-xanlhin 


10 

4 on 

I-] ,','5 ^72■' 






cnci. 




11 

4 on 

M.P. 1(>0-H”C. Opti- 





2 t'O 

callv iiiaclive ac- 






coniing to Ileli- 
bron. 

,13. 

Rhodo- 

xanthin 


12 

2 CO 


L. 

i'apsanthiii j 

; 

i 

10 

2 on 

5r.P. 175-I7B‘^C 


1 


1 CO 

i 


15. 

Cap.sorubin 


i 

1 

9 

1 

! 2 OH 

1 2 CO 

1 

i 

1 

;16. 

i 

Astacin 


- 

1 4 CO 

i 

j 

1 

1 

i 

1 

.17- 

.\ 7 .afrin 

1 

i 

7 

J OH 






1 ccxni 


!18. 

! 

1 

i 

Bixin 


9 

! 1 CtKHI 

1 

1 c( 


19. 

Ckjc till 


! 7 

2 C(KJH 




• 





Reinark.s. 


Isolatcil by Kubii aiul BnM'k- 
mail (1932). 'ibis pigment 
yields intense blue colour 
willi 25% Hcl. 


Discoveretl by Kiilm and 
Wiiitersleiii from pansies. 
lM)rnis addition coinpiunds 
of a salt type nitli intense 
blue eolour. 


niseovered ' bv Knbn ami 
Letlerer from dandellion 
llowers. Does not form sail 
with dilute acids and can be 
thus dislinguisbed from 
viola-xanlbin. 

Pigment of tile brown seeds. 
I'ormula si-ttled by Will- 
stiiller and Meig (191*1), 
and cuntlrnied In Karrer 
and shown to be derivative 
of carotene. 

Helibron and IN iper show re- 
cently that the formula is 
vStnntnral b>r- 
mula ])resented based on in 
siilTieieUt evidence. 

.V diketone. It readily give* 
a diliydro-derivalive, Dis- 
cover(‘d by Kuhn and 
Brock niann. It lias been 
clianged to zea-xanthin by 
Karrer by liydrogeiiation. 

Pigment of Pa|)rika. Often 
»>ceurs in ester form witli 
oleic, ])alniitic, invrisiic. 
stearic acids, etc. 


Closely associate*! with caji- 
santliin in nature. Forinula 
\vr>rked out by Zcchmei'^tcf 
and Cliolonoky. 

Kulin i.solated it from egL^ 
of sea sjiiders, and Kam i 
from star fish. Also occur- 
in the shells, eggs and epi- 
dermis of lobster. 


I'irsl isnlaled b\ bieb* rni.i'i 
(191 MM. Knlm isolated 
later .-.nd propo.sed the («'» 
tnula. 

I'ormula definitely establi*-!’- 
cd by Karrer by syiithosi 


Pigment of saffron. Form id 
definitely eslablished ' 
Karrer. 
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BIOIvOGICAI. lMl>ORTANCK OF CaRDTINOIPS 

After it was definitely establivshed that carotene 
can act as vitamin A, it was soon discovered that 
\'itaniin A is formed by the breakdown of the can)tciie 
molecule in the animal org:anisms. Vitamin A acti- 
\ily was found to \ie characterised by the combina- 
tion of a P-ionone ring with a carlx)n chain of 4-5 
conjugated double bonds. Therefore only a few of 
the carolinoid pigments discovered could give rise to 
\'itaniiu A in the animal organism. These were a-caro- 
tciie, /Si-carotene, y-carotene, and kryptoxanthin, 
together with some of the derivatives of carotinoids 
( .g. , semi-^l-carotcnone, semi-iS-caroteiionc-oxime, 
/i-oxy-carotene, and dehydro-^-seini-caroteiione. All 
the other carotinoids given in the table have no 
vitamin A value. 

It would I)e of some interest to point out that 
o'-camtene is twice as active as or y-carotene or 
kryptoxanthin, because it gives rise to two mole- 
cules of vitamin A while others only to one. The 
vitamin A activity of papaya and yellow mai7.e is 
almost entirely due to kryptoxanthin. U'he yellow 
l»igment <»f most green leaves is jiredominantly 
/l-caroteiie but the i)igment of carrots, red palm oil, 
mango etc., contains a high percentage of u-carotene. 
The pigment of tomato is lycopene which has no 
biological activity but it als<^ contains some carotene 
to which its vitamin A action is due. 

VVe collie now to the most important question of 
the metaholism of carotene. There are two asi)ecls 
of this question which have lm*n the subject of 
ini mel ons studies : 

(/) Absorption of carotene from the intestinal 
tract. Carotene is a water insoluble pig- 
ment. Ill what form is it abscjrbed and what 
are the factors which control its absorption ? 

(//) Transformation of carotene to vitamin A. 
Ill what organ and under what conditions 
does this change take ]>Iace? What is the 
mechanism of this change ? Cun this change 
be imitated in vitro} 

These problems have not been settled with the 
^' inie degree of .succCvSs which the organic chemist 
luis attained in the elucidation of the chemical 
siructnrc and the properties of the carotinoids. One 
fact however seems to be definitely established, that 
m the absence of fat in the diet carotene is not so 
c»cll alisorbed. This has been definitely proved by a 
mmilxn- of our studies. With a normal amount of 
f it in the diet, 70-90% of the carotene might be 
uf)sorbcd, while if fat is excluded from the diet 
•a'miost 70-80% of carotene given might be recovered 
bom tile faeces. There is no evidence that io'X> fat 
'in nicpn greater absorption than with 5%. 

8 


It has hxeii suggested that bile acids might pos- 
sibly form soluble and difTiisihle compounds with 
carotene and thus help in the absorption of carotene. 
Greaves and Schmidt have studied this question, and 
obtained .some evidence in support of this view. 

With respect to the (iiiestioii of the Iransforma- 
tiou of carotene into vitamin A in the animal organ- 
ism attention lias been focu.s.sed on two organs, 
(0 the intestinal tract and (//) the liver. 

With regard to the intestinal canal it was con- 
jectured that the activity of intestinal bacteria might 
bring about the transformation. This however 
seems unlikely to lie the iiornial mode of change in 
the organism since after ingestion of carotene quite 
a lot of the pigmeiil is i>reseiit in the blood serum, in 
the liver, and other organs of the body, which shows 
that carotene is ahsorlied as such and later on 
broken up into vitamin A. 

vSince liver is the chief slorchoust* of the vitamiu 
in the body the general consensus of opinion is that 
transhninatioii takes place in that organ. However 
any direct and conclusive evideiiee has not so far 
been obtained to that effect. 

Sonic years ago liver perfusion studies were 
carried out by us. A colloidal solution of carotene 
was slowly pel fused into the liver of anaesthetised 
animals through a canula attached to one of the 
splenic veins. A small piece of the liver was cut 
off before the perfusion to act as a control. The 
animals did not live very long after the operation. 
The longest that an animal lived was 18 hours and as 
much as 1-10 mg. carotene was i»erfused but 110 
evidence of the Iraii.sfonnalion of carotene into 
vitamin A was obtained either cluMiiically or spectro- 
.scoincally. Due most striking fact in these experi- 
ments was that carotene rai>idly <lisappoared from 
the l>lf)od. Even within a few minules after the per- 
fusion was complete, no trace f>f carf)lenc was to he 
discovered in the blood. 

The animals usetl in these experiinents were 
cats. Unfortunately it was later di.scovcTcd that cat 
as a .s])ccies lacks the power of transforming caiH)tene 
into vitamin A. Young cats kept •on skimmed milk 
and lean meat for long periods could lx? partially 
depicted of their re.st‘rvcs of vitamin A hut the daily 
administration of even large doses of carotene, as 
much as 10 mg. daily for two or three months did not 
result ill the forinati«>n of any vitamin A in the liver. 
Oil feeding ccxi liver oil considerable deposition of 
vitamin A in the liver tfink place. 

When a colloidal solution of carotene was injected 
intravemmsly into an animal, the pigment rapidly 
disappeared from the blood and was localised chiefly 
in the liver, the spldbn and the lungs. During the 
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course of tile next few days the pigment tended to 
disiippear from tlie liver but it could not he experi- 
mentally shown that the disappearance of the pig- 
ment was attended with the coiicomitaiit appearance 
of vitamin A. The rapi<l disappearance of the pig- 
ment from the blood suggested phagocytosis, its 
presence in Kiipffcr cells, and its localisation in the 
organs, which are the main seats of the reticulo- 
endothelial system, suggested that the reticnlo- 
endr)thelial system might have something to do with 
the transformation, on the analogy of the mechanism 
of the formation of antibodies. Attemjjt were made 
to study this aspect by blocking the reticnlo-eiido- 
thelial system with Indian ink or dyes in vitamin A- 
deficieiit rats and then feeding them with carotene, 
taking the di.sappearance of the symptoms of dert- 
cieiicy or the storage of the vitamin in the liver to be 
a criterion of the ability to utilize carotene. The 
results were highly suggestive but inconclusive. 

The problem was also studied in he])tectomise<l 
rats. It was expected that rats from which the 
spleen was removed might have less ability to 
change carotene into vitamin A than normal rats, 
since removal of the spleen meant the removal of a 
part of ‘the reticulo-eiidothelial system, although 
l)ossibly removal of a part might also lead to the 
active. i)roliferation of the reticulo-eiidothelial cells 
in other organs of the body. However the rc.sults 
were again incouclusi\’e. Thus so far no direct and 
conclusive evidence has been possible to obtain to 
prove that the transformation of carotene into vitamin 
A takes place in the liver. 

A few words might be said on the attempts to 
convert carotene into vitamin A iu vitro with the 


help of liver tissue or other means. In 19.^1 attempts 
were made to see whether intestinal l>acteria 01 
minced liver tissue when incubated with colloidal 
suspension of carotene would lead to the formation 
of vitamin A. Experiments were repeated under a 
variety of conditions but without any marked 
.success. Hut in certain experiments with certain 
.strains of intestinal bacteria under anaerobic condi- 
tions a substance w^as produced w'hich gave intense 
blue colour with a violet tinge with antimony trichlo- 
ride reagent. However the substance was too labik- 
for a spectrograph ic te.st to be made and the condi- 
tions under which it was formed could not be deter- 
mined and could not always be reproduced. 

I'inally one more study may l>e described. Most 
of our earlier exi)eriments were tried with livei 
extracts in minced liver tissue. It is pos.siblc that 
the change could take place only if the integrity of 
the cells is maintained. 

A number of vitamin A-deficicnt rabbits were 
fed with carotene. After about 24 hours the livers 
were tseidically excised out and dropped into 
molten wax at 45-4(:>®C which was rapidly cooled, 
'riiese were kc])! at room temperature and alloweil 
to aiitolyse. A piece of the liver w^as examined 
immediately for its content of carotene and vitamin 
.\. The other pieces were e.xamined after 15, .;i. 
and 28 days. Carotene was estimated colorinietri- 
cally and vitamin A by the vSbClj reaction It was 
*)bserved that during the course of autolysis carotene 
disapi)eared while the vitamin A content of the tissues 
increased. 



Research Notes 


The Citric Acid Cycle and the 
Szent-Gyorgyi Cycle 

H. A. Kkuhs (liiochcni. J., 3./, 775, 1940) puts 
1 1)1 ward new evidences supporting Ins “citric acid 
cycle” ill resiiiratioii of tissues and also defines the 
iclalion lietween the “citric acid cycle” and the 
S/ent-(xydreyi Cycle” in pigeon breast muscle. He 
is ul opinion that the tixidation of a “triose” etpiiva- 
kiil involves one complete “citric acid cycle” and 
lliree repetitions of the “Szeiit-fiydrj^yi Cycle” ; and 
lliat the “vSzeiit-GydiKyi Cycle” is concerned with 
tliv transport of (at least) 6 of the 12 II atoms 
released durin.:.; the oxidation of one “triose” eijiiiva- 
Knt. 


In siiiiport of his theory he describes another 
leactioii in which oxaloacetate is reduced; 


Citrate ! oxaloacetate — > -Ketoglutarate + COg 4- 
I fumarate 

[ I (-)-malate . . . . (i) 

I'rom the above as well as the following two 
rvaclions known before 


and 


Oxaloacetate 

]»ynivate 


+ oxaloacetate — ^"Citrate -t C( >2 i 


fumarate 

I ('-)-nialate . . . (2), 

“'I'riose” i oxaloacetate — ^pyruvate t- 


fumarate 

I (-)-nialate . . . (.t), 


'll- points out that the “%S/.ent-GydrRyi Cycle” acts 
.1^ a hydroj^en carrier in oxidation of citrate (i), in 
tile formation of citrate (2) and in the oxidation of 
“Triose” to pyruvate (3). 

* A. R. 


Synthesis and Breakdown of Starch in Plants 

Syntuksis of starch in higher plants which 
1 liniarily occurs as a result of photosynthe*iis is fol- 
1‘ ved by its degradation into sugars for translocation 
<1 also for metalxilic purposes. The reverse re- 
•' iion also takes place simultaneously specially in 
f'e storage organs. The intermediary role of phos- 


phorylated sugars in the breakdown of carlwhydrate 
by yeast and certain animal tissues has been 
thoroughly elucidated. Naturally it is believed that 
a similar process takes jdace iluriiig the rapid inter- 
conversion of carbohyilrates in higher plants. I'he iso- 
lation of Robison ester and Cori ester-like substances 
from plant materials by various workers has coii- 
lirmed the idea that such iiitercon version als(.) depends 
upon the formation of labile phosphorylated deriva- 
tives of sugars. Inrormation regarding the types of 
enzymic mechanism responsible for the various 
aspects of this metabolic problem in the plant is still 
very meagre. C. S. 1 lanes {Pror. Roy. Soc. li, 12S, 
421, i9d‘>) gives a preliminary report of his observa- 
tion carried out with enzymes from mature pea seeds 
to elucidate the alM.)ve phenomenon. 

iMiiely powdered r)ea seeds (baxton’s Progress), 
freed from fat was extracted in distilled water for 
.p) hours in presence of toluene. This crude a<|Ueous 
extract has been found to consi.st ol an amylase, a 
phosphoryla.se and a phosi)hoglucose conversion 
system. The first recognisable step in the activity 
of the phosidiorylase is the formation of non -reducing 
acid-labile glucose-/-i)hosi)hate which has Ix-'cii 
isolated in the form of the crystalline i>otassiuni salt. 
It is interesting that the conversion of starch to 
glucose-l-phosphate is a reversible reaction and is 
catalysed in both directions by the jihosphorylase. 
Thus when glucose-l-i)hOvSphate is added to the pea 
extract it becomes partially conveited into a poly- 
saccharide resembling starch, and inorganic phos|)hate 
,is liberated. 

In an alternative reaction ghicpse-/-phos[>hate is 
converted into acid-resistant reducing hexosc-mono- 
phosphates, of which a considerable proportion has 
been shown to consi.st of 6-])lio.sj)hoiic esters of 
glucose and fructose. I'his transformation is cataly- 
sed by two or more enzymes constituting the phospho- 
ghtco.se conversion system. 

P'iiially, when crude extracts of peas are allowed 
to act upon starch, in the presence of- inorganic 
phosphate, fructofurnose — i : 6-diphosphate is formed. 
The dialysed extract docs not give this product. A 
dialy.sable co-enzyme is probably retpiired !)y the 
mechanism concerned in this i>hosphorylation. 
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The results indicate that the phosphorylase is 
able to act upon a much wider ranj^e of carbohydrate 
substrates than is ftencrally l)elieved to be the case 
with the phosiihorylases from muscle and yeast. It 
seems that almost any saccharide composed of 
1-j^lucopyranose units linked in iiositions i and 4 (as 
in maltose) may serve as substrate regardless of the 
length of the chain. There is indication to show 
that an endwise degradation occurs during the 
idiosphorylatioii. 'iMiese obst*rvations together with 
the fact that glucose is not esterilled directly are in 
harmony with the hypothesis that l-glucose chains 
are degraded by the posphorolytic cleavage of ter- 
minal glucose units, these being liberated successive- 
ly, from the non-aldehydic chain-ends, in the form 
of glucose-1-plmsphate. 

//. N. B. 


Radioactive Iron as an Indicator in the Study 
of Iron Metabolism 

It is well known that iron deficiency is a 
primary factor in aiueniia. Despite much conjecture, 
little definite knowledge is available about the mecha- 
nism' of absorrition and excretion, and mechanism 
for the transport and mobilisation of iron reserves of 
the organism. Radioactive isoto])es have recently 
been very mncli available through the development 
of the cyclotron by Dawrence cl al so that there has 
been very valuable and exhaustive researches in 
various lal>oratories on intermediary metaliolism with 
the help of such “labelled’* molecules. 

Anstoiii, Rabiuovitch and Greeiilierg (Jour. 
Biol. CheiJi., 1J4, 27, 1040) have studied the absorp- 
tion, disliibution [.ml excretion of iron in normal 
and iron-deficient rats with radioactive iron as an 
indicator. 

As data on the iron content of blood -free tissues 
and organs of rats in v.'irying metabolic states are 
not available, these authors developed a technique of, 
viviperfusion to free the tissues very thoroughly of 
their contawicd blood. In a preliminary experiment 


analysis was |)crformed with tissues of normal rats, 
of rats made aiiccmic, and of iron-enriched rats. 

The data, in general, showed a decrease in the 
iron content of most of the tissues of anaemic rats, 
the liver and spleen Ixjiiig most strongly depleted. 
Iron cnrichnieiil utlaincd by feeding ferric chloride 
leads to an increase in the iron content of most of 
the tis.siies, the bone marrow showing the greatest 
gain. 

Experiments were next carried out by adminis- 
tering radioactive iron to two groups of rats, normal 
and iron-deficient. Hemoglobin values for each 
animal were determined at weekly intervals. The 
radioactive iron, in solution as ferric chloride, wa^ 
administered to the rats by stomach lube. The 
animals were then placed in individual metalx)lisiii 
cages over a device permitting separate collection of 
urine and faeces, and were fed the stock colony diet. 

After the desired period had elapsed, the rat was 
anesthetised, a blood sample was drawn and tin- 
animal viviperfiised. 'fhe blocxl and desired ti.s.snes 
were separated {ind analysed for their radioactive iron 
content either with a Eaiiritscn electroscope or with 
an ionisation electrometer. 

It is found that a single dose of iron requires 
12 hours to ])ass from the stomach and small intes- 
tine. .'Xmcmic animals eliminate less of the adminis 
tered iron in stool or urine. Where normal aniimils 
retain 30%, the aiuemic animals retain 50% of the 
iron administered. 

The .specific accumulation of the absorlx'd iron 
per gram of tissue was greatest in the bone marrow, 
Idood, spleen, liver and heart Total acciimiilation 
was greate.st in muscle and blood particularly in 
anxmic rats. 

In normal rats, .'iftcr 10 ckys, the radioactive iron 
nearly di.sappears from the miisc'le and blood but in 
case of anaemic animals it accumulates con.sidcrabK . 

The present investigation represents the first 
reporlctl study of the passage of iron through the 
gastrointestinal tract with radioactive iron as a tracer. 

H. N. B. 
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The Position of Women in Hindu Civilisation 

(from prehistoric times to the present day)— by 
Dr a. vS. Au'iiKAR, M.A., IvD-B., DXitt., 
Manindrachaiidra Nandi Professor, Benares 
Hindu University. Published by Culture Publi- 
catiou House, Benares, 1938. Pp. xi + 46S, ivith 
S plates. Price Rs. bj-. 

In the work under review the author attempts to 
nive an exhaustive account of the position and status 
of women in Hindu society from the earliest times 
down to the present day. The liook is divided into 
twelve chapters. Chapter I deals with the childhocKl 
and education of Hindu girls in different ages, 
Clia])ler 11 with their position regarding marriage and 
divorce, and Chajder HI with their married life. 
Chapters IV and V give an exposition of the status 
of vvidous, the former dealing w'ilh problems con- 
nected with the Saii and the latter with those of 
levirate and remarriage. Chaiiter VI discussing 
Hindu women in public life gives an account of the 
Pur da system and also of women as rulers and admi- 
nistrative odicers. Chapter VII discusses women’s 
position in the Hindu religion, and Chapters VIII 
and IX their proprietary rights. Chapter X gives 
an account of the dress and ornaments popular with 
Hindu women in different ages. Chapter XI deals 
with the general attitude of the Hindu society 
towards women, and Chapter XII gives a retrospect 
together with some observations regarding the solu- 
tion of several modern problems confronting Hindu 
women. There is a number of plates illustrating the 
dress, ornaments, etc., popular with the women oP 
ancient India. 

The vast Indian subcontinent is known to Ik; 
equal to Europe with all its countries but Russia, 
and the Hindu population is made of numerous 
tribes belonging to different grades of civilisation and 
alien ethnic types. Even the earliest authorities on 
Smriti therefore had to recognise dissimilar customs 
for different parts and peoples of India (cf. Bodhayana 
on cross-cousin marriage amongst the peoples of the 
Deccan). The factor of local or tribal variation in 
the development of customs, the cross-currents of 
different culture and the lack of requisite data make 


a study of the evolution of Hindu society exception- 
ally diflicult. Prof. Altekar however should be con- 
gratulated on his valuable work in spite of these 
limitations of the subject itself. He has tried to 
utilise all available materials and sources of informa- 
tion regarding Hindu women of all ages with refer- 
ence to causes of the subsequent change in their 
position. He has also often attempted to indicate 
lines whereon the pnibleins now facing Hindu girls 
may be tackled so as to get snlisfactory solutions. 
His views are sympathetic and liberal, and his 
criticisms generally solx^r and impartial. 

The nature of the subject and the .sources of 
informatioii, however, leave room for difference of 
opinion amongst scholars, and readers may not agree 
with the learned professor on all points. The reviewer 
does not agree with the author when he says that the 
l^urda system was beginning to be po])ular with 
some royal families only alx>ut 300 (p. 200). 

The derivative meaning of the word orodliaua 
{ — avarod liana, avarodlia, restraint) to indicate 
women’s apartment in the houses of Asoka’s brothers 
and sisters (Rock ICdict V), Kautilya’s description of 
the antahpura, and the Mahabliashya's references 
(1.1.6; 2. 1. 1 etc.) to asuryampasyani mukhani (faces 
not seen even l)y the sun) prove that Purdas, specially 
in royal families at least in some parts of India, is 
certainly much earlier. BiK^k III of Chapters III- 
IV of the Arthasaslra definitely proves the existence 
of strict Purda even in ordinary families. 

Prof. Altekar is no doubt an abte collector of 
materials. Since however they are scattered -over a 
vast field, it is only natural that a few. of them have 
escaiied the learned scholar’s notice. In the section 
dealing with (jiieens reigning iu their own right 
(p. 218 ff) some of the most important examples, 
those of the Kakatiya queen Rudhamba (c. 1260-91 
A.D.) who succeeded her father Oanapati, and of 
Dandimahadevi (c. 886-93) her mother both of 
whom succeeded king vSubhakara of Orissa, have not 
been noted. Rudramba is no doubt the'queep ruling 
over the Guntur district at the time of Marco Polo’s 
visit to India (p. 224). In this connection, more- 
over, the administrative capacity of Bhavani of 
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Bengal and Jhnnda (or Jhindan) of the Punjab can 
hardly be ignored. The learned professor again 
does not notice any early instance of Sati in the 
Deccan (p. 150 ff). According to many scholars, 
however, the Kavadi stone inscription (Up. Cam., 
\^ni, p. ib;) records the death of Kadaniba Ravi- 
vernian (C. 490-538 A.D.) and his (lueen “who 
probably became a Safi." 

Similar other points may be cited, but they do 
not detract in any way from the value of Prof. 
.Mtekar’s work. We are sure that students of Indian 
history, especially those interested in the study of 
Indian society, will be benefited by a perusal of his 
l>ook. 

Dines Chandra Sircar 


Coal Carbonisation and Some of its By-products 

-by B. W’li.soN Haigh. Reprinted from the 

Transactions of the Mining, (Geological and 

Metallurgical Institute of India. 

The pai)er on a highly interesting subject like 
coal carbonisjilion from Mr Wilson Haigh, the 
manager of Bararee Coke Company, Jharia, with 
f)Ver .ju years’ experience in this line is quite 
welcome and a timely one when people are taking 
keen interest in the matter of imluslrial development 
of mineral resources of India. The author has dealt 
with the subject of iiiedium-teniperature and low- 
temperature carlxmisatioii in brief but the subject of 
high-teniperature carbr)nisation with a view to 
recover a iiinuber of useful by-products has been 
discussed in a more exhaustive manner. With 
regard to the (]uestion of immediate i)OSsibility of 
starting medium-temperature carbonisation (Soo°C) 
to manufaiture smokeless patent domestic fuel the 
following remarks of the author are worthy of con- 
sideration “. . . . the time is near when coke-oven 
owners in India will need to turn their attention to 
l)roducing a coke suitable for the domestic market 
as there are qovv in existence more by-product ovens 
than aje re(iuired to produce all the coke that the 
metalliferous indut^ries can absorb” .... “Such 
domestic coke* would have to compete with the soft 
coke made from low grade coals in heai)S or mounds 
at many collieries in the Jharia and Raniganj fields. 
'This coke is s<dd at a very cheap rate as there is no 
cai)ital expenditure involved in its manufacture. 
vSpeaking generally, it is a low-grade fuel, dirty and 
high in ash” ... “If a demand for a clean, readily 
ignitable fuel at a higher price can l)e createtl and 
develop'ed there must lx: a great potential market in 
northern India and in-large cities like Calcutta. No 
doubt many difficulties have to lie faced, one of 
which will be to educate the public to appreciate the 


advantages of .such a fuel. A highly-developed 
marketing organisation would need to lx: established 


In face of these remarks it would be better if 
the Soft Coke Cess Committee instead of doing 
propaganda work for the sale of sf>ft coke produced 
at present by crude methods directed their attention 
to encouraging the coke-oven owners to produce 
I Hitter domestic coke. The propaganda for this better 
commodity would meet with success. 

With regard to the establishment and successful 
working of a w'ell-planned and fully equipped low- 
temperature carbonisation plant in this country, the 
author has expressed sufficient doubts as the capital 
cost of such plants would be very high and as the 
other by-products might not he recovered with clear 
margin of profit under the existing conditions of 
market. Such statements from a practical man of 
sufficient experience cannot be ignored but on the 
other hand should be carefully scrutinised by those 
interesUxl in this line. The Bihar (Government in 
])articular, who have already invested some money 
in starting series of exixTiments in connection with 
low temperature carbonisation, shouhl give Ilaigh’s 
comments a special consideration. 

The subject of high-temperature carlx)nisation 
for the manufacture of metallurgical coke and for 
the recovery of many useful by-products such as coal- 
tar, ammonia, naidithaleiie, benzole etc., has been 
described in the paper. 

The author has also dealt with in brief tlu* 
subject of coal tar distillation for the niaiiufaclure of 
road tar, pitch, creosote oil, middle oil, disinfectants 
and antiseptics, coal tar colours, perfumes and 
flavours, i)lastics, medicinal and surgical substances, 
photographic chemicals, etc. vSome of these common 
by-products such as tar, ammonium sulphate, naph- 
thalene, creosote oil, road tar, coal tar pitch, disinfec- 
tants, carbolic acid, motor benzoic, toluene, naphtha 
are already lH:ing recovered in the Bararee coke 
^oveiis, Jharia. Road tars Nos. i, z and 5 to the 
British standard arc now' manufactured in India and 
it is gratifying to note that the use of road tar has 
(piadrupled during the last (luinqueiiniuin and it is 
expected to still further increase in near future with 
further exj>ansion of tarred roads in this country. 

'Phe subject of recovery of benzole, the liquid 
fuel from coal gas is very important and has been 
dealt with in a comprehensive maimer. The Bararee 
Coke Co., Ltd. were the pioneers in this direction 
(in 1920) and they were succeeded a few years later 
by the East India Railway plant at Giridih. The 
total annual output of the two plants does not 
exceed 2 lakhs of gallons whilst the potential output 
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of existing coke plants is alxmt three to four million 
:;allons. Some may think that the reason for India’s 
low production is owing to the difficulties of recovery 
due to tropical conditions hut the real reason, 
ac cording to Mr Haigh, is to he found in the attitude 
of the Central Government, especially with regard 
to imposition of excess duty. This duty applies to 
jcetrol, hcnzole and alcohol alike. The cost of i)etrol 
at Indian ports is 3 annas per gallon whereas it costs, 
say, four times as much to produce a gallon of 
heii/ole and as they are Ixjth subjected to the same 
excise duty, benzole is automatically shut out of the 
iiiotor-spirit market in conii)etition with petrol. In 
other countries different conditions prevail. In 
(heat Britain for instance benzole has always 
enjoyed a preference. The future development of 
llie benzole industry in India, therefore, entirely 
depends on the drastic change in the policy of the 
tViitral Government. 

'file author remarks that it is manifestly im- 
possible for any new companies in India to take up 
the manufacture of beiizcde or any motor-spirit from 
e()al by any process without some form of Govern- 
iiieiil assistance either by way of subsidy or remission 


of excise duty. 'Phis should, therefore, seriously 
engage the attention of the Government, who are 
responsible for the country’s welfare. As Indian 
benzoles are rich in toluol there is every possibility 
of manufacturing high explosives (T.N.T.) from the 
toluol, provided the benzole industry develops under 
the care and protection of the India Government. 
The author’s discussion of the subject of alcohol 
(derived from molas.ses) -petrol mixture as proposed 
by the U.P. and Bihar Governments is also worth a 
careful consideration before the pro])osal is actually 
made compulsory. According to him alcohol-i)etrol- 
l)enzol mixture would be a .superior fuel to the 
alcohol-petrol mixture and both benzole and alcohol 
could be obtained from coal. 

A large number of illustrations in the paper has 
made it highly interesting and instructive. ^lany 
of his suggestions seem to have practical bearing and 
the object with which the paper was iMobably 
written would be served if some interest is created 
in the minds of those who are seriously considering 
the <inestion of industrial develotmieiit of India. 

;V. .V. Clialti^rjce 



Leti ers to the Editor 


Cashew Apple, a Rich Source of Vitamin C. 

HofoR* in'opor plaiiniiiii of tlic nutrition of the 
ivoplc is lakcn up in any country, it is essential 
that the approximate amounts <if the protective 
principles jnesent in the various foodstuffs grown 
locally should he known. This nece.ssjirily implies 
that foodstuffs .specially rich in any particular dietary 
factor deserves serious notice in nutritional planning. 

As far as tlie content of vitamin C in locally 
grown edibles is concerned, two kinds of fruits and 
one kind of vegetable have so far been described to 
\k‘ very rich (more than ’oo mgs. per loo gins, of 
the material) in lliis particular element. They are 
guava {Psidiuni ffuayava) descril)ed by ('diosh and 
duha'. and by Rangnathan,“ rndian gooselierry 
{Emblica officinalis) dcscril)cd by (liri and Doctor®, 
and Kankrol or Klieksa {Mowordica cochinchinensis) 
dc.scribcd by Mitra ct a 1 .* 

During routine examination of edibles for food 
value in the present author’s laboratory it was found 
that cashew apple or the fleshy peduncle of cashevv- 
iiut or Ilijii badam {Anacardium occidentale) is 
another rich source of vitamin C. 'riiis vitamin was 
asse.SvSed by the chemical method with 3;b dichloro- 
phenolindopheiiol and i*arotene by colour matching 
as described in a ])revious communication by Milra 
el aL* The other proximate principles were deter- 
mined by the usual methods suggested by the 
A.ssocialion of the Official Agricultural Chemists, 
America, with slight modifications. 


f^'ood value of Cashew apple per loo gins. 
*of the material. 


Moisture 

... f^6.iS 

gm. 

Protein 

o.8i 

gm. 

I'hher extractives 

o.6o 

gm. 

Mineral matter 

... o.,S 7 

gm. 

Carlx)hydrate 

II. 14 

gm. 

•Calcium 

... 4.0 

mgm. 

Phosphorus . . . 

... 20.0 

mgm. 

Carotene 

O.Ot) 

mgm. 

Ascorbic Acid 

... 261.5 

mgm. 


Cashewnut l)elongs to the natural order Anacar- 
diacea. 1‘he flowers are polygamous and each has 
one carpel yielding a kidney shaped nut with hard 
acrid coat. ITiider it the axis swells up into a pear 
like IwKly, fleshy and edible. It is this fleshy 



peduncle which when ripe and yellow is known 
cashew apple. Jlefore subjecting the apples to 
• analysis the parchment-like outer coat was removed 

The nut is grown extensively in South India 
In Bombay, Bengal and Orissa a fair amount 
also grown. The kidney-shaped nut is a populai 
article of diet over large parts of India. The fleshy 
peduncle when fully ripe is eaten either as fruit oi 
cooked as vegetable. An alcoholic liquor is said t<> 
be fermented out of the cashew apple in South India 
(Mangalore). In Midnapur district (Bengal) tlu 
fresh juice of the apple is still used in the villages 
as a local antidote against snake venom. The nuts, 
when ripe, are roasted, shelled and kernel exportetl 
outside. Of total exports outside India a little more 
than So% is shipped to the Atnerican co.untries. 
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The kernel of the nut was not analysed for its food 
\aluc as this has already been done in Coonoor 


Production and export figures of the nuts."^ 


Province or 

State. 

Production in 
tons. 

lixport in 
tons. 

Bengal 

1,200 

not known 

Bombay 

4,500 

850 

Cochin 

5,000 

4.750 

Madras 

22,500 

12,945 

Orissa 

560 

38 C 3 

Travancore . . . 

10,000 

8,000 


* l‘'igures supplied by the respective iiiarketiii>» oflicers 
.'ind are approximate. 


laboratories and results published by RaiiKuathan 
d al\ 

The author is obliged to his friend ProfeSvSor S. 
S. Chaudhury of the Prince of Wales Medical 
College, Patna, who has kindly procured the sanii)les 
from OriSvSa for analysis and to his chief l^.-Col. 
S. Iv. Mitra, for advice and encouragement. 

Xntrition Scheme, 

Public Health Laboratories, K. Mitra. 

Haiikipur, Patna, 4-8-1040. 


Ghosh and Guha, Jour. Imi. Chem. Soc., 12, 30, I93S. 
Rangiiathaii, S., Ind. Jour. Med. Res., 2.?, 241, 1935. 

Giri, K. V. and Doctor, N. S., Ibid, 26, 167, 1938. 

Mitra, K. et al. Jour. Ind. Chcni. Soc., 17, 250, 1940. 
Kaiignathan, S. et al, Ind. Jour. Med. Res., 24, 699, 1937. 


On New Diffraction Maxima in Laue Photographs 

It has been reported recently by Sir C. V. Raman 
and Nilakantan ' that a new type of diffraction 
maxima hUvS been observed by them in the Laue 
photographs of diamond and crystals of sodium 
nitrate. The explanation offeretl by them regarding 
llie origin of these maxima is that when X-ray quanta 
impinge on any set of planes of a crystal lattice, the 
characteristic vibration of the lattice is excited and if 
the glancing angle be other than a right angle, the 
phases of motion of different atoms of the plane are 


adjusted in such a way that the planes become 
slightly inclined to the original position during the 
vibration. Hence the monochromatic X-rays arc 
reflected when the new orientation of the idaiies 
satisfies the Hragg relation even if, in their original 
position, the Bragg relation is not .satisfied and the 
wavelength in question is not reflected by these 
planes. It has been pointed out later on by Kiiaggs 
et al " that such diffraction niaxiiiia have been 
observed by a large number of w'orkers from time to 
time since iQi3i ^uid more expcriiiieiilal investigation 
is necessary before any theory can be accepted as 
essentially correct. A delaileil mathematical theory 
has, however, been put forward by Zachariaseii * and 
it is the purpose of this note to point out that this 
theory can explain the origin nf the new diffraction 
maxima quite satisfactorily , while the observed facts 
are in disagreement with the hypothesis inoposed by 
vSir C. V. Raman and Nilakantan. 

The disagieemeiit between the observed facts and 
the hypothesis mentioned above may be .summarised 
as follow'S : First, tlie displacement of the atoms 
from their original positions reciuircsl to give the new 
maxima in the observed direction is too large to 
occur actually in the crystal. vSecoiidly, the intetisity 
of the new’ maxima .should not depend very much 011 
the variation of the angle of incidence from the 
Hragg angle, but actually it dei)ends very much on 
this variation. Thirdly, the direction of new diffrac- 
tion maximum should make an angle with the 
direction of the incident X-rays according to the 
pro]>ose(l hypothesis, but actually the angle observed 
is sometimes less and sfunetiines greater than 
Fourthly, in the case f)f diamond the frequency of 
the characteristic vibration is such that it y » k T 
at teini)eratiires IkjIow’ kx^o^^C and lienee the thermal 
excitation of this vibration is not ])ossible at any 
temperature below’ looo^^C, but actually it is observed 
that the intensity of the new diffraction maxima in- 
creases ai)preciably in the case of diamond when the 
crystal is heated to 5oo°C. 

According to the theory put forward by 
Zacharia.seii, the diffu.se scattering owing to thermal 
vibration of the lattice has a maxiiiniin in the direc- 
tion making an angle* 2 with ^ the incident rays 
given by the relation, 

2^,„-20b+ 2 Asin-^n (l), 

where is the Bragg angle and A - 
being the glancing angle of incidence. In the follow- 
ing table the values of calculated for different 

glancing angles observed in the case of .diamond are 
compared with those calculated according to (i). It 
is observed that there is fair agreement wdthiii experi- 
mental errors between the observed and the calcu- 
lated values. • 
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T.\«U5 1 

(■.liiiH-inK AiiKle „ , „ 29n + i 

Innileiice Rctlt'clidii i ajj, 


17^ 11' 

24* ’ 2.V 

43" ' 

(4" 47') 

42" 5iV ; 41" 44' 

IS" IP , 

2.^" 50' ' 

4.P .SO' 1 

(3" 17') 

4.4" 1' r42" 3P 

20" 4‘y 

22" 4.V 

43" 5G' 1 

i 

(1" 9') 

43" 37' .43" 32' 

to 

19" 6' 

.19" 30' 

f (1" 19') 

40" 58' Uo" i(y 


Thus tlie discrepancy between the Bra^g angle 
and the observed angle of reflection for the new 
maxima is accounted for ])y Zacliariasen’s theory. 
According to this theory the intensity of the maxima 
diminishes very rapidly with the increase in the value 
of A and the intensity should also increase with the 
increase in the leinperature of the crystal. The 
observed facts are quite in agreement with these con- 
clusions. Thus the new maxima are probably parts 
of (liffuse scattering owing to thermal vibration of 
the crystal ami not a specular reflection as proposed 
by i^ir C. C. Raman and Nilakaiitan. Details are 
given in a paper communicated to the l*roceedin^s of 
Ihc National Jnstilutc of Sciences, India, 

The writers are indebted to Prof. !M. N. Saha, 
K.R.S., for his kind interest in the work, 

Palit laboratory in Physics, S. C. Sirkar. 
University College of »Science, 

Calcutta, 9-8- 1 940 J. Giunw, 

* Sir C. V. Kaiium and P. Nilakanlaii, Proc, Imi. Acad, 

Cr / / ^7Q 1 CLin 

’’'Kiiaggi ct al, Saiurc, 145, 820, 1940. 

'' W. II. Zarliariaseii, Phys, Uev., 57, 597, 1940. 


PreMrvation of Cotton Fabrics 

P'ormaldehyde (HCHO) fume is very effective 
for the preservation of cotton fabrics. 

A Xaga and a few »Santal cloths including 
‘Sarees’ were bru.shed very carefully: Some of 
them were starched. The specimens were subjected 
to the following treatment. 20 oz. of water and 
2 oz. of formaldehyde solution (40%) were put in a 
tin canister (specially made for our laboratory pur- 
pose). The canister is open at its lop and is 
iS"xq''x(/ in size. At a hei.ght of 6 " from the 
bottom 4 brackets are welded at the comers. A 
moveable plywood lx)X with a hole at its bottom 
(diameter — 5") and with the opposite end completely 
open, is placed on the brackets. A fine sheet ol 
wire-gauze is placed on this opening of the box so 
that no article may fall down. The fabrics were 
kept on it and the canister was placed over a Bunsen 
burner on a stand. A wooden lid made to lit the 
canister exactly was placed on the top. 

The fabrics were fumigated for ten minutes, 
after which the burner was put out. The articles 
were taken out after 24 hours and the treatment 
appears to be very satisfactory. To dry up the little 
moisture they absorbed, the fabrics were kept in 
open air for several minutes (but not in the sun). 

Afterwards the cotton fabrics were kept inside a 
Tarine moth-proof bag. A pound of napthaleiie was 
also put into it. The mouth of the bag was closed 
and it was hung on its luKiks from the wall. The 
siiccimens were examined every two months. 


EXPERIMENTAL IllTA PRESERV.ITION OE COTTON FABRICS 

Result. 


Good. No attack 
of Moths. 

Ditto 

Ditto 

Ditto 

Museum Method Laboratory, 

Dei^artment of Anthropology, 

University ol Calcutta. Mincndra Nath Basu. 

35, Ballysungc Circular Road, 

Ballyguiigc, 30-7;i940. 


Specimen. 

Condition of 
specimen. 

Reagent. 

■ 

Date of treatment. 

Pciiod for which the 
specimen. was under 
observation. 

Naga waist cloth. C. 824 

Old 

. 

Formaldehyde 

March 1988 

2 Years, 4 Months 

• 


vapour 



Santal Doal Saree. C. 517 ' 

New 

i Ditto 

December 1938 

1 

I Year, 7 Months 

Santal Saree. C. 530 

Ditto 1 

! 

1 Ditto 

! 

February 1989 

1 1 Year, 5 Months 

Santal cloth. C. 726 

Ditto 

j Ditto 

1 March 1940 

1 4 Mouths 
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On Hierarchical Sampling, Hierarchical Variances 
and their connexion with other aspects 'of ‘ 
Statistical Theory 


From a iion-homoRciieous univariate statistical 
population wc can estimate the mean by a number 
(.)f alternative methods one of which is a particular 
type of sampling recently proposed to Ixj extensively 
used by P. C. Mahalanobis in crop-cutting experi- 
ments. Suppose the population in (luevStion is such 
that it could be cut up into a numlx*r of district 
/ones (which let us call zones of the first order), 
each of these could be further cut up into a nuinlier 
of zones (whicli vve call zones of the second order), 
each of the second order zones could be cut up 
further into a numlier of third order zones and so 
oil till finally we get to zones of the (k t)th order, 
each of which is a statistically homogeneous group. 
Supi->ose that the variance ‘within’ the (k-OUi order 
zones be < 7 k'"i ‘between’ the (k- i)tb order zones but 
‘within’ the (k-2)th order zones lie ‘between* 

the (k-2)th order zones but ‘within’ the (k ^ ^^)tli 
<.)rder zones be CT-k.M, and so on till we come to the 
variance ‘between’ the ist order zones wbicb we 
denote bycri^ 

Our statistical population is said to Ik' hierarchi- 
cal if these variances cti*, . . <7*Kliai)i)en to be of 
entirely difTorent orders. Now supiiose further that 
from such a poimlatioii we sample in the following 
manner : from the ist order zones, we select at 
random w, zones, from each of these we select 
at random ^2 second order zones and 
so on and finally from each selected (k-i)th order 
zone, we pick out at random mk individuals. We 
have altogether Wi,«2 • • fJu observations at our dis- 
posal ; such a sampling has been called nested or 
hierarchical sampling by P. C. Malialanobis. The 
mean of these observations is supposed to estimate 
the unknown population mean. The variance of 
the estimated mean could be easily shown (l»y the 
Algebra of Mathematical Expeelations) to be given by 


ni 


+ "« + 
Hill 2 


- (I) 

71x112 . . . /ik • 


If we call our variate Xk aiul introduce pseudo- 
variates X2, • . . .rk-isuch that numbers, as 
it were, the first order zones, X2 the second order 
/.ones and so on and finally a:k-inuml)ers the (k - i)th 
order zones and if further we assume a multivariate 
normal distribution for the variates (.\i, A'a, . . . Vk ), 
'lien we have shown that formula (i) could be 
U rived in an elegant manner. This derivation of 
' 1 ) involves certain restrictions no doubt and thereby 
‘bs (i) a little of its generality but at the same 
lime this process of derivation gives a greater insight 
'nto certain aspects of the multivariate normal dis- 


tribution and incidentally gives a neat statistical 
interpretation of the rectangular statistical co- 
ordinates introduced by one of us’ jointly with 
^Ir R. C. Rose in a paper* entitled “Normalization of 
Statistical Variates and the' use of Rectangular 
Co-ordinates in the Theory of Sampling Distribu- 
tions'’ iniblisbed in 1937 in Sankhya {Indian Journal 
of Statistics). 

For a fixed set of values of (.v,, . . . A‘k-i)i 

.Vk is iiornially distributed about a mean M k-i which 
is a function of (v,, Xj, . . . .vu-i) but with a variance 
whicli is indepciuleut of the ])articular values of this 
set. This variance is ; again Mk-i itself is clislri- 
buted for a fixed set of values of (.v,, .Vj, . . . .Vk-2) 
about a mean Mk- 2, which is a function of (.v,, 

. . . Yk-jj with a variance which is imleiieiident of 
the particular values of this set ; this second variance 
isCT\.-,; and thus it gties on till we gel to M, wbicb 
is a fiimiioii of .v,, and wbicb is noniially distributed 
alx.ut a constant M„ with a variance which is aj". 

It is of considerable interest to note that these 
variances c/j-, 02* . . . with their direct statistical 
import could Ijc completely idenlilied with the 
rectangular (slalislical) co-ordinates for the (multi- 
variate-normal) population introduced in the paper 
referred to above. This furnishes us, with a simple 
statistical interpretation for those co-ordinates 'which 
was lacking in 1936, when these co-ordinates were 
first introduced as fruitful auxiliaries for certain 
investigations in Matlicinaiical Statistics. 

Statistical laboratory, }:>• Roy. 

Presidency College, 

Calcutta, .S-S-ig4(). Kalisliankar Banerjee. 


^Sankhya, 3, 1, 19.37. 


Generalised Boltzmann’s formula and Planck’s law 

In the usual Kinstein’s derivation of Phinck’s 
formula use is made of Boltzmann’s law 


j, ^ ^ - (c.j - €,)/k ; , 


(I) 


where h, is the number of systems iu stale 1 of 
energy Ci and n., the number of systems in state 2 of 
energy ea. This holds only when the systems obey 
the classical statistics. When this is not the case 
we have to u.se the generalised Boltzmann’s law 


Ai 


^ -(«2-*i) /kr. 


(s) 
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where A*s are defined by 




and M, {E)dK- 


a (E) (IE 

A*® 

Af 


(3) 

(4) 


Ni(K)dE is the number of systems havin^f their 
kinetic energy of translation lying in the range E 
to E + dE and their internal stale of motion 
characterised by the energy value Na(K)dK is 
the iiumlier of systems in the internal state €a and 
with kinetic energies in the range E to E+dK. 
a(E)dE is the number of states for the energy range 
E to EtdK. For the case of Fermi-Dirac statistics 
i8= + i and P=~i for Bosc-Einstein’s statistics. 


In the present note Planck’s formula is derived 
by using the generalised Boltzmann’s law and not 
the special relation (i) which holds only in the case 
of a classical gas.* 


The rate of spontaneous emi.ssion will be A21N3X 

(i~/ 5 ^-) where A.,i is the transition probability of 

N 

spontaneous emission and the factor 

introduced as usual in (luaiitum statistics to take 
account of the “occupiediiess of the levels”^ The 
rate of stimulated emission will lx; 


U,. N, H„ (I 

\vhere Uy is the density of radiation of frequency v 
and Bg, is the transition probability of stimulated 
emission. Similarly the absorption rate will be 


* The frequency change in radinlion <lue to Compton 
and Doppler effects is for simplicity not considered, i.e., 
we assume that the kinetic energy of the systeni.s is 
unchanged hy.acts of eniission and absorption of radiation. 

‘Jordan, Zeits. /. Physik., 41, 711, 1927. 


N| B|| (1 ) where Bia is the transition pro- 
bability of absorption. Equating the rates of 
emission and absorption, we get 

N, A„ ( . - + U. N, - U, N, B„ ( I - 

which gives 

U,._An/IV (5) 

N, B„_' a 

N.' 


But from equations (3) and (4) we have 


N, . EA.- 

a A, __ ^ 

a a A| 


A, 
Ni. A, 


Substituting this value in equation (5) and making 
use of relation (2), we obtain, since Co-Ci-hv, 


yy A, I / Rji 

^'•'1^ hWkr (6) 

lb.'' 


The constants in this eiiuation are as usual, 
evaluated from the condition that for high tempera- 
tures equation (6) must reduce to the Rayleigh-Jcaii> 
formula, viz,, 


Uv- 




. kr. 


\Vc have therefore 
B|3 =B21, 

and consequently 


Uv 


STfhl/-’ 


hv/kr 


I 


which is the Planck’s formula for black’ bo<ly 
radiation. 


University of Delhi, Siikhdeo Bchari Mathur 

• Delhi, 26-7-1940. Badri Narayan Singh 
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On the Use of Science and Scientists 


I N his anniversary address to the K<)>al J^oeiely 
J^ir William Hra.t’m, President of the Royal 
Sfjuiety, makes the follo\vin.i!; remarks with respect to 
the use of science and scientists during times of 
peace as well as of war. 

"'riiere is indeed a widespread ree<»j*iiili«iii of the }»eneral 
illvi'liveiiess of seietice. The ways of usin>' seienee .and 
M ienlilic men are being .slowly discovered. Hut the proeesN 
i- stow. Tt would, I think, be hastened, if eert.ain funda- 
mental Iruth.s were generally known aiul reeogni‘'ed 
I \enlure to state llieiii in the form of a few propositions : 

1. Science, that is to say, the knowledge of Nature, i> 
"f tundamental importance h) the suceessful prosecutitm td 
any enterprise. 

I'or example, a nation is obliged to make all poN>ib1e 
iisi- of seienee in preparation for war, whether aggressive 
a defensive : and, again by way of example, in the m.iin- 
uiianee of public heallh and .social welfare. Of eonr-e, 
ii nce is Mot alone ill being a iiece.ssity in either ease. 

2. vSeienee is of general application, riure are not 
iiiiL- science of chemistry, another of electricity, another of 
medicine and so on : there are not even distinct sciences 
"i peace and war. Iherc is only «me natural world, and 
dn re is only one knowledge of it. 

b'xperienee .shows that an advance in knowledge or 
ii ' linique or .skill in any direction may be based on some 
iHiii of knowledge acquired in a far distant field of researcli. 

1 "i- that reason, it is necessary to resist strongly a natural 
'nulency for those who study science or apply it, to separate 
'■ 'O groups without mutual communication. 

*k Fruitful iiiveiUtoiis are always due to a <M)mbiiiatioii 
knowledge and of exiierieiice on spot. Tnle.ss tlie man 
'^'di knowledge is present at the place and the time when 
'ue experience revenls the problem to be solved he misses 


Ihe fertilizing ‘^uggrsliun. Wiilur e;in the niasliTiiig idea 
siiggfsi itself to the man who lias the experience <»nly Init 
no knowledge by whieli to re.id tlie Ksmui lliat the experi- 
eiM’e leaches. 'I'lie man with knriwledge nia\' be a teniporarv 
or spirial inlrodnetioii, or, wbieh is mmdi btitiT, lu* may 
be the m.in who meets with tlu* experieiiee. 

4. There .ire (liflieiillies peculiar to the application of 
science to war purposes. While tin* w.ir priHei-ds seieiitisls 
.IS ;i hotly .'ire aiixituis to pul all their knowledge at the 
service t»f their e<»untry : but when the tinu' comes they 
are anxious to gel away to their, work on pure science or the 
.'ipplitalions of .science tt) the ])rtdilems of peac:e. (lovern- 
meiit may ])reservc ami most fortunately has preserved a 
niieleiis of able scientific efftal tluring the last 20 years of 
peace, so th.it a certain connexion is maintained between 
these jiarlicnlar npjilieations and the general hotly of science, 
blit from the very nature ttf their respective t)eeii])a lions, 
and on aeeount of a eert.iiii .secrecy which tine t>f the twt) 
htnlies is foreetl to maint.iiii, the eoiiiiexitm is n<»t always 
strong. It can easily liaiipeii that the solution of a parti- 
cular djiliciilly in the war service may lie in some piece of 
kiitiwledge far away from the inimeiliate seienee of the 
enterprise ami unknown to those who need it,” 

'rile urgency of using science for times of peace 
as well as of war was discovered only during the 
last Great War, and almost all western countries and 
Japan set nj) orgaiiistitioiis for tin's purpose, with 
varying amount of success. In this matter, this 
country as usual has been nearly 25 years backward. 
There have been, in other countries, many defects 
ill the use of science and scientists, but if these mis- 
takes be carefully noted hy the Ooveriinieiit and 
leaders of this country, oiir lo.st opportunities may, 
to some extent, be retrieved. 
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It is believed lliat staleiiieiil No. (i) will be 
universally ameLKl to, but (2) is not so readily re- 
eo^^nised In- those who have not iL>ot a scientific 
education. When a Ooveniineiit oijuanisation is set 
up, it is usually devoted to one ])articular object, 
say, researclies j)1i synthetic dyes nr on fuel techii*)- 
lo.ey or on syntlietic dru.es, jute, cotton and otlier 
coiiiinodities. The workers in such institutes lend to 
be seerc.t>ated into water-tieht coTupartnienls parti- 
cularly ill this country, where even technoloeical 
coininittees are tilled up with a motley collection of 
members of the As.sembly and the Council of State, 
members of Chambers of Commerce, F.C.S. men etc., 
cho.sen for no particular knowlcd.ee of the subject 
an<l of scientific methods ; and inclusion of genuine 
men of science who can initiate fruitful lines f>f 
research and stimulate the investigators are not con- 
sidered essential. It is not realised how much is lost 
because the workers in these institutions are thereby 
l)rcvented from comin.e into contact with and under 
the influence of master minds in other sciences who 
may sometimes throw sujL».eestioiis which may lead to 
solution -of outstandin.e problems. 

As re.iiards (.0 Ifie princiide has been reco.i»nised 
in the TTnited Kingdom by the admission of scientists 
of a pure academic standing- to such research associa- 
tions as have been brou.qht into existence for purely 
industrial work and the advanta.ire of such associa- 
tions has been illustrated in many cases in a very con- 
vincinq’ manner. h\)r example, the perfection of the 
recent methods of preservation of foodsluITs, cereals, 
and fruits (known as the refri.qerated ,qas stora.i^e 
method) has revolutionised the whole technique, and 
it owes its success to the co-ordination between pure 
scientists and men who were acquainted with actual 
problems of foml prescTvation in the Foo<l Investi.qa- 
tion Foard created under the auspices of the Depart- 
ment of vScientific and Tndustrial Research. Many 
other examples may be .qiven. 

As regards No. (4), the problem is new to this 
country, becausL^ the Government, thou.qh it has 
been ratht?r reluctantly forced to the view that scien- 
tific men should I)e mobilised at least for purp(jses of 
war, has nrd been able to take elTective measures on 
account of inexperience, particularly in matters dcal- 
iii.q with industry. But elsewhere, in Kn.qlaiid as 
well as in the enemy countries, .science is bein.g used 
very extensively and in a siiectacular way for the 
prosecution of the war and in Kngland the sugges- 
tion has lK.*en made that a ^Ministry of Science should 
form a ]>art of ever>' .govern tv cut. 


Sir Whlliam Hragg does not like this idea 
bccau.se ministry would be too formal and rigid at 
any rate for immediate needs, and as far as oui 
country is concerned, his remarks are all the more 
uiqdicable because the Government departments in 
this country are not .specially distinguished foi 
promptness of decision or (luiekness of action. 
According to liim the most successful way of using 
scientific knowled.ge should he ])ersonal and elastic, 
lie thinks that the purpose will be served by atlacli 
iii.g a central authority of seience to the central 
authority of the country. 'Phis principle is to soiiu 
e.xteiit ff)llowe(l in hji.gland in the Department ol 
vSeieiUitie and Industrial Research, in the Medical 
Research Council and the Agricultural Rescareli 
Council, hut it docs iu)t suffice for the purpose a-, 
these organ isiit ions deal with a specific object, and aiv 
linked with the corre.sponding ministries. Hut bn 
the application of seieiiee as a whole contact should 
he made between the rulers and emiiieiil scienliru- 
men. He advocates the use of the Royal vSocicty for 
this imrpo.st'. He suggests that a small group I'l 
Fellows selected for the puri)ose should he eonsiilted 
by the Cabinet without hesitation whenever the iie^d 
arose and it should be kept well infovnied by tin 
members of the Government so that it might foresei. 
ocea.sions and needs. 

Regarding the personnel of the new organisi 
tions which are being broiiglit forward, Sir William 
Hra.gg is strongly of the opinion that even on tin 
secretarial and adniinislralive side, there should he 
men with a proper scientific training. The argumeiil 
is reproduced in his own language : - 

“There are iwo .subsidiary roiisequeiiees of tbe pivsfiii 
po.silion of science which need to be remembered.' We Iimm 
not long passed the stage, if indeed we have quite .goin 
past it, when our knowledge of Nature is used as a refci- 
ence library is used. '1‘lie kiiowletlge is there, on Um 
'- helves, to be taken down when anyone wants information 
on a pfirticular ]X)int and happens to remember \vhti< 
jMissiblv it may l)e obtained. 

Anyone wlio wants to use a library effectively nin 1 
already have some knowledge of the same nature as tli.ii 
which he hopes to find there. If not, he does not kno-.\ 
where or how to lo»jk ; u»>r can he grasp fully whnl he find 
even if he happens to hit upon the right book.” 

'J'he importance of this suggestion can hardly h 
ov'eresliniated, paiTiciilarly in this country. It 
often found that many of the newer scientific orgaiii 
siitioiis which are meant to put science and scieiitif' 
men to the country's work arc manned by nieinbci- 
of tbe Civil Service or Audit Service bavin 
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ibsolutcly iio backj* round of scientific knowiedne, nr, 
if they had any such knowledge while they were 
-.tudetits, all vestige of that has been washed away 
in the dull routine of office work. As a glaring 
illustration we may point out that the posts of 
Director r)f Industries in most of the provinces have 
L-eiierally been reserveil for .such members of the 
Indian Civil Service for whom, for some mysterifms 
leasoii, a berth has to bo found stnnewhcre outside the 
]iale of administration, justice, or secretariat. While 
talking with such men about the scientific research 
needed for a particular line, it has been our experi- 
riiee that we were talking to a vacant mind, which 
lias not lH.‘en able to grasp the i)roblems at all, and 
instead of coming to relevant points, finds ]>leasure 
in taking refuge behind vague and didusL- proposi- 
lioiis. Such a man is just in the position of a candi- 
ilate for an examination in some science, subjects 


who has not previous training in science, and cannot 
therefore find out the proper answer even when the 
best textbo(»k is jait in his hand. A good deal of 
inefficiency of the sidentific dei)arlnients of the 
(h)verntnent r»f India is dne tf) the coiilimiance of 
this practice. 

The ('jON’eriinient of India has, as a result of the 
situation created by the war, brought out a new- 
baby for tile deveh>iniienl j)f India’s industries, 
namely, the Hoard of Scienlilic an<l Industrial 
Research. They ho|)e to nurse the baliy with the 
time-worn methods with which alone they ha\e been 
familiar. W’e can only say that if these methods 
are rigidly followed, the baby will be found to be 
still-lH>rn. We therefore leconniumd for their serious 
consideration the. advice given by the Jictogeiiarian 
pre.sideiil of the most famous seienlific societv in the 
w<.)rld . 


X-RAYS INTO FOSSIL REMAINS 

A five-ton dinosaur that roamed the w'esterii part of the I'niled vSlates 80 million years or so ago 

lias just had his teeth X-rayed. His jaw -was remove<l from the American Museum of Xatural History, 

.Ww York, where it is iinniially on exhibition, to the works of the Westinghoiise X-ray Company, 
flieie it w’as photographed liy means of X-ray apparatus that is used in industrial work, and it was then 
discovered that there were four rows of uncut teeth inside the jawbone, in addition to the that were 

\isil>le to the eye. Altogether this diiKisaur must have possessed over 500 teeth some of which 
liad decaN'ed. It is scarcely likely that he suffered fr<»m loolhaehc, however, for in spile of his great si/.e 

iii> brain was only the size of a man’s fist and nerv<»us .system was poorly organised. 

Tile dinosaur jawlxme that was X-rayed in these experiments came from the lower left side of the 
iiioiuh of a creature to which the formidable name of Trieeratops SL-rratus has been given. It was dug from 
‘'ott sand in Montana, a tiosition suggesting that nhe ereatme had wandered into a »iuicksand and died 
''\lien unable to struggle free. He is estimated to have been 50 years old when Ik* came to this untimely 
lid, and had then completed only a quarter of the average life of his kind. He .sUiod 8 ft. higli, and a 
’iciiieiidons shield stretching backwards from his head hel]>ed to ])roleel his iKck from liis mortal enemy, 

1 carnivorous dinosaur. He had two horns, each alnmt 3 ft. in length, that projoole<l forward over his 
’•'ttle eyes, and a much smaller horn between his nostrils. 

X-rays are proving iiarticnlarly n.sefid for examining rare fossil remains of this kind. Hreviously 
''\liat was inside them could only be discovered by sjiwing ‘windows’ out of the bone. Now they can be 
xamined without injury, and arrangemeiils have Ik'cii made for fo.s.sil finds of explorers on Iv.dialf of the 
American AruscMun of Natural Hi.story to be X-rayed by the W'eslinghouse X-ray Comiiaiiy. 


-Meccano Maf:azinc. 
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J sliall ivlc-r first to I ho croalioii of tlio Hoanl oi 
Seioutific and Industrial Rosoarch. 'I'liis Hoard 
has 1)0011 oroatod to hriii.u tho soioiitists in cniilad 
with indnsirios, so tliat tho vital prohloins of jh'o- 
diK'tion and iiiannfaolnro may oii.na^^o tho attontioii 
of all of ns. As tho vSoc'iolarv poiiitod out in his 
roport, your Assooiation can loLiiliiiialoly claim its 
share in tho creation (if this Hoard. Thoro is no 
donht that tho hiilliant advocac\- of this idea hy 
your oHicial oi.Lian “Sciknck and Cn/rcKK’* has 
Ixtrno fruit. 'I'his hriiiiis mo imniodialoly to tho 
^•oC(.nd important thin.n in which wo aro all intorostod 
namolv onr joninal, “i^ciKNCK wn C'l’i.Ti kK”. Tliis 
ionrn.'il and tho Cuirnil Scirtirc liavo doiio yooinan’s 
sorvico to tho cans«.? of .scionco in India. Tho Indian 
ScicMico News Association has a very important 
function and part to play in tho pros^mt times. Our 
learned Pivsidont has romarkod in his speech that tho 
task of mol)ili.sing an army of scientific men is easy 
when compared with the task of educating; iiuhlic 
oj)inion in things .scientific, and that the latter task is 
to he taken up in more earnest at the i)resent time. 

I am glad that l>oth these .subjects aro tho Associa- 
tion’s concern. I must confess that even our 
('rovcriimeiit of which I am also a i)art now is not 
agile enough to appreciate the impacts of science 
tui society. W'e are stooped in tho bureaucratic 
methods of the old T.C.S. While tho l.C.vS. is still 
an ofliciont prime mover in the ( •(ivornniont, it must 
bo acknowledged that tho present civilisation is 
largely based on applied .sciences and a change in 
the angle of vision of the (Government and the ' 
public is thorefove clearly indicated. 

It is not possible now to allow this laziness to 
re.si.st the onward march of .science. An interesting 
story of such laziness I heard when I was a stiuloiit. 
It was reported that once a forest caught fire, and 
the officer on the spot sent a telegram to the 
authorities concerned asking for the necessary relief. 

* .Xdapted from ilie .speech ilelivered by Dr S. S. 
lUialn.'igar as the guest-of-lunjour on the <K’cn.sion of the fifth 
annual meeting of the Indian Science News A.ssociation held 
on the 27th Aiigu.st, 1940, last at the T’liiversilv College of 
vSeience, Calcutta. 


The telegram had to pass through proper official 
channels before tlvj necessary action could be taken 
blit meanwhile the forest was ruined. When, how- 
ever, the telegram had pa.sscd through the piopci 
channels and reached the hands of the official con- 
ivnicd, alter a month’s lajise of time, the officer was 
(piitc active and replied by wire, “Fire-brigade is 
ordered to extinguish the fire’’. 

The war has eerlainly made some change f'«u 
the better and things arc moving a little mort 
ra'pidly. It must be said to the credit of the llou’hU 
the Commerce Member that he brought into Ixjitig 
the Hoard of vScienlilic and Industrial Research as 
(piickly and without as little delay as po.ssible with 
the re.sult that our third meeting is going to taki 
jdace on the yth of September at Hombay. One oi 
tw’o things are already being manufactured oii a 
large scale as a result of impetus given by sonu- 
members of this Hoard. DilTerent research com- 
mittees have met, and the Technical vSecretary is 
hu.sy day and night toiling at the reports .snbinitted 
by them. Over 8 o workers are shortly going to lx- 
engaged on the research programme to be carried 
out under the auspices of the Board. This is a good 
augury and we hope the Hoard in wdiich youi 
Association has taken .so much interest will scoix 
further successes, and that the present enthusia.siii 
will coiiliiiue and some real and tangible result will 
collie out of all this. 

1 now refer to your task of educating pul»li‘ 
Opinion. The interest of the public in science can 
be aroused only if the scientist comes down from 
his heaven of w'istlom to the earth of the common 
mail. I must confess that although .we ha\r 
.sc'ieiitists wlio can solve the most difficult matheinat) 
cal problems and enuuciate theories which udi 
retpiire days for even a man of science to understand, 
yet there are rather few amongst us who arc ahl- 
to do things which inspire the interest of tlu 
common man. When I was a young lad, the thin- 
that made me most interested in science was tli ‘ 
railway engine which I saw running up and down 
everyday from the residence of my uncle, who wns 
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;iii officer in the railway dei)artnient. My mother, 
iiiy sisters, and niy young relations knew of science 
not from discourses of learned men or from academic 
journals, but from the rapidly moving engines 
running to and fro and carrying heavy loads. The 
wonderful inventions of science such as radio, 
telephone, telegraph, railway engine and motor car 
liave done more to arouse the interest of the common 
man in science than all the wisdom poured out by 
our men of science. Ai)i)lied sciences have Ik^cii 
rather neglected by our universities, and it is only 
(luring the last few years that interest in ai)plied 
science has acipiired the imi)ortance it deserves. 
'I'lie result has Ixieii that while we have a lunnlK-r 
of very distinguished scientific men, there are com- 
paratively few scientific processes named after 
Indians, comparatively few iiiachines which we can 
I’laiiu as our inventions and still less numl>er of 
articles of utility which are iu use which can be 
Slid to have been manufactured by us. 'I'hat is why 
ihe eoiuiuoii man calls us by the name of mere 
philosophers, mathematical dreamers and armchair 
workers etc. It is interesting to note however that 
this distinction between the pure and applied sciences 
is fast disappearing. Prof. Saha, who is well-known 
as a mathematical physicist, is now thinking of 
manufacturing compressor and vacuum pumps in 
his lalH>ratory. We know that other scientific 
workers who were fornierl)* more interested in 
Ijroducing theses and papers are de\’oting at least 
:i i»art of their attention to the things that matter to 
the common man. If this attitude continues, I have 
no doubt that the common man will l)e able to take 
more interest in us, and the apathy of the man of 
wealth to science will shortly disaiijjear. 

You are lucky in having Dr baw as the 
President of your Association. He represents a rare 
eoinbiiiation of culture, science and industry. If 
'Oil wish to make your Association a living force, 
nul if you wish to be of real service to the public * 
,'ou shall have to cater for the public, jiroducc 
H-ieiitific work which will help in the amelioration 
"f the miseries of the poor people, which will do 
something to save our civilisation. It should help 
'll iirovidiiig better houses, better focnl, better living 
' onditions, so that the legislators might be able to 
ay that it is good that, the scientific incii are als<^ 

' ngagiiig themselves in doing the task which so far 
'onstituted only their responsibility. The Indian 
'Science News Association has done much good by 
•ocussing public attention on scientific problems, 
besides the advocacy for the CvSlablislimciit of the 


Hoard of Scimilific and Industrial Research, 1 have 
Seen “Sciknck and Ciu/niRK” advocating ihi* crea- 
tion of Ihe River Physics baboratory In this 
province, the creation of a National Physical and 
Chemical baboratory and an Institute for Fuel 
Technology, a Jute Research Institute and so 
forth. 

This organ has fought liard for all that is good 
for us. This journal has been no respeetor of 
l)ersous or departments and has fought its battles 
independently and courageou.sly. W hen the Hoard 
of Scieiitiiie and Industrial Research was created, 
the inadeciuacy of the measure and the vagueness 
of description regarding my own duties in the 
(h)vernmeiit Comtuunifiiu' excited the attention 
of the editors. When, liowever, it came to be 
known that I had already i)ostiilated with the 
('fovertiineiit that my duties will not be only 
advisory, but that I shall be actually iu a laiHuatory 
connected with research, a letter of eongratulatious 
was prom]>tly sent to Hie (•oveiument <»ii this 
decision. It is this frankness and justness of 
criticism which I admire. I hope this spirit will 
continue and that the criticism of national affairs in 
the columns of v^ciUNCK and Cui/ruRK will be just and 
fearless. 

Relurniug to the (luestion of service which we 
can render to society, we must heli> the businessman 
ill this country to bring about tlie industrialisation 
of our laud. Although busiiiessmeii iu this country 
like those in other countries are interested in 
gambling at the stock exchange, they do not like 
to lake the risk on a gamble with the applied 
scientist. If they risk even one tenth of their 
wealth on ex|>erimeuts with industries, they will not 
only enrich tliemsehes but will also bring untold 
wealth to their country and thus help the cau.se of 
humanity and science. It is to be hoped that the 
etlorts of the Indian Science News Associatiojn will 
bring alMUit this very important liaison lx.‘tween the 
iiidustriali.sts and the workers in the scientific fields. 

Hefore I sit down, I wi.sli to say something 
which may look superfluous and even common place. 
As there is need for unity amongst the politicians, 
so is the need for unity amongst the scientific men. 
There is no organisation that is set ni) in this country 
which is not immediately criticised iVy a ^set of 
peoiilc. I am not referring to the old controversy of 
the Academies, of the Current Science or the SciVwce 
and Culture. I am Vef erring to the task before the 
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c«.>uiiliy, namely the industrial develt^iJiiiciil of the 
country, particularly at the time when the scientific 
men are hein^.* ^jiveii an opportunity to come to 
the aid of our iiulnstries. We should sink our 
differences of caste, creed and provinces and face 
tile task w ith \\ isdom and courage so characteristic 
of the scientific man. 

1 have spoken enough on the working of the 
H. vS. I. R. and the duties of this Ass<.)ciation. The 
H. vS. I. R. has been created during this pericnl of 
stress and strife created by the Kuropean war and 
I must emphasise that the scientific men have to 
l>lay a very imporlaiil part. Su|)plies of trained 
experts will have to be more and more the concern 


of the universities. In the speeches ilelivered In 
Mr Churchill and I^ord Linlithgow it has been 
clearly indicated that India is going to Ixj the centre 
of siiiiplies for Europe and the Middle East. It is 
announced this morning that Sir Alexander Roger 
is coining out mi a mission to organise the supplies 
and munition prmlnction capacities of our country. 
This is a step in the right direction. I am .sure the 
scientific men present here and the readers of the 
journal will have opportunities to be able to con- 
tribute to the progress of this country. Let me 
hoiie that Indian siceiice will not miss the oppor 
tunity and prove eipial to the great task im[)ose<l 
upon it by the war. 


SPIDER IS WORLD’S CHAMPION DIVER 

• 

The workr«s champion diver, according to an article in tlie magazine Natural Uistory, is the walei 
spider, the female of which can stay under water for hours and days and even sleeps and raises he 
Noiing below water. 

She acconiiilishes this ;ilniost unbelievable feat by ,s])inning a broad airpnxif web cir sac which slu 
fastens between the .stems of under-water plants. Then stretching the credulity of man even further, sh' 
fills it with fresh air by carrying down air bubbles from the .surface and releasing them in her submariiT 
chamlx?r. And in this hideaway she lives a leisurely life secure from intruders, travelling to 1h 
surface for more air when the need ari.ses. This remarkable water spider has even figured out a way t- 
hang the eggs of her young conveniently from the filmy ceiling of her magic diving web. 


— Science Digest. 



The Work Before Indian Scientists 


JR thoughts**' tochiy arc centred on tlie war and 
the international situation. The entire world 
1^ iu>w passing through the throes of a new birth, 
and our lives, institutions, and destinies, to all 
ai>i»earance, have been thrown into the inelting pot. 
W’liether we are scientists, literary men, political 
workers, or just common men, we cannot leave this 
l:u’t out of the reckoning. 

So far as the scientists of l{urope are concerned, 
llie war has seen the most thorougligoing harnessing 
uf all their activities to the war machine. In India, 
however, their lives and activities have not yet been 
visibly affected by it, although signs are fast 
appearing that they will be. In the i>rocess of 
mobilisation of the resources of the Rritish Kminre 
I'or the prosecution of the war, demands are being 
made on an ever-increasing scale on the resources of 
India, both material and human, actual and poten- 
tial. It seems as if the presv.*nt war is going to 
stiiimlate the industrial revolution in India t(» a tar 
gieater degree than even the last one. Industries 
aiul lines of manufacture which in ordinary circum- 
stances would not have had an immediate start in 
tin’s country arc being contemplated. 'I'here is 
alieady a scheme to establisli an aeroplane factory 
and a ship-building yard in India, while heavy 
iiulustrics which were not making very great head- 
way are being expanded and reiiKKlelled. Indians 
are also being recruited to the technical branches of 
the defence services, for work on the ground, on the 
sea and in the air. There is every likeliho(Kl that 
il the war lasts a few years more, it will see the 
industrialization of India taken to a point far in 
advance of the stage at which it stotnl at its 
< 'imniencement. 

This is a development which is bound to affect 
Indian scientists and science. The trend is already 
ni oi)eration. Indian scienti.sts are l^eing requisi- 
b'oiied by the (Government for giving the benefit of 
tiieir experience and knowledge to the schemes 

_ '■ A da pled from tiu- Preside lUial Adilnss deliveretl l»\ 

”■ V.'. I.^a\v at tile fifth annual meeting of the Itulian 

* >eiiee \e\vs Association held .on the 27th .Vugiisl, 1040, 

• ’t .'ll the rnivcrsilv College of Scienee, Cnleutlo. 


designed to secure the e.vpaiisioii of Indian indiis- 
tric.s. The (Government of India has constituted a 
Hoard of Scientific and Iiulu.strial Rc.search, whose 
functions arc to advise the ('lovermiiciil as to the 
lines on which industrial research shoidd be con- 
ducted and tile cliamiels into wliicb it should be 
giiide<l in order to eiisinv llie lo-ordinaled develop- 
ment ol India’s industries, as also to recommend 
specific i)n)blems lor investigation to llie staff under 
the Hoard and to the various scienlilic instilntions 
of this country. This Hoard counts among its 
members some members of our Association, and its 
Director is Dr Hliatnagar, our honoured guest today. 

I have iio doubt that tliis Hoard will tiave the way 
tor an intimate co-oiieratioii between our scientists 
am! our industries. Tltc development .which il 
foreshadows is bound to grow and li.ivc a iirofoiiiid 
influence on onr industrial future. 

Tile .scientists of India, and more particularly 
tile members ot onr .Association, on their iKirt, have 
no reason but to welcome ibis develotmient. If the 
articles and discussions wbicb arc being imblished 
in the organ of our Association furnish any indica- 
tion, the iiidustiiali/ation of India is a cause very 
near to their heail and one in whose iiromotioii they 
and the Association arc actively engaged and 
interested. Almost every aspect of the industrializa- 
tion of India, iKuticularly in its scientific bearings, 
has received alteiitifin in onr journal, 'flic journal 
has touched upon problems connected with electrifica- 
tion, irrigation, licaltli, agriculture and a host of 
other subjects. Hy so doing it has .served to awaken 
its readers to the importance of the.se problem's, and 
has brought the relevant facts and, arguments before 
their minds ; furlliermore, il will, as I hope, make 
a valuable contribution to their solution on scientific 
lines. 

There can be no doubt that this work is vitally 
related to the purpose for which our Association 
exists, inasmuch as the popularization of science as 
a technique of living and its preseiifatioii. as a 
philosophy of life are c()m])lemei]tarv aspects of the 
great object of oui Association. Obviou.sly, the 
practical importancc'of .science as an iiistrumenl of 
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iiidustriali/.ation and ccoiioniic rcooiistniction requires 
far less stressiiii; than its more intangible values. 
The i>roof f)f the pudding is in the eating, and the 
best advertisement of science is the actual demonstra- 
tion of the power of science that people see in the 
numerous MMeiititie devices which touch their lives 
at ever\ point. Yet it may be doubted whether, 
for all the popularity of motorcars and radios, and 
all the new enthusiasm of Indian business men for 
new ])lants and machines, there is full comprehension 
of the real implications of these contrivances which 
are being used to a greater and greater extent by us. 
We seem as yet to have an imperfect realization of 
the sweep and meaning (»f nuKlern science and of 
the revolution it is going to bring about in our s<K'ial, 
economic, and ])olitical existence. We are even now 
too prone to misunderstand modern science as it has 
been devehiping since the end of the iSth century. 

This misunderstanding must be removc<l. 
Modern science is not just an additional gloss on the 
existing and traditional scheme of things, it is a new 
lilienomeiion such as has not Iieeii seen in human 
society since the discovery of agriculture thousands 
of years ago It has brought to man a new and 
vast .power over nature, and is bringing into 
existence a new techniciue of living whose full shape 
we have yet to see. Hut already science has given 
sufficient proof to us that it is not a thing whose 
accefitance (»r ro'ection admits of a choice or a thing 
of which we can accept one feature and leave aside 
others. We have to take it as a whole, just as it is, 
on its own terms, 

I am emphasizing the all-embracing and revolu- 
tionary character of iiKMlern science and urging a 
more positive apiiroach to it for the simple reason 
that without realizing the one and adov>ting the 
other, there can be no idaiined scientific economy 
for India. It is of cour.se true that science and the 
industrial revolution are making steady inroads into 
every walk of our national life and bringing about 
a dis.sbhition of our old .social and economic structure. 
Hut the whole movement is .still uncontrolled and 
piecemeal. 'I'oo much is being left to chance and to 
individual likes .and dislikes. We are not yet the 
master of the movement, which we must be, if we 
want to rea]) its full benefit. We must lx? more 
deliberate in our acceptance of science ; we must 
plan its aptdication as a whole and on a co-ordinated 
plan. . Only this will enable ns to complete the 
industralization of India and the modernization of 
its means of priKluction in the most effective way and 
in the shortest possible time. ‘Tt wdll also spare us 


the disturbance of etiuilibriuin and lop-sidedness 
insejmrably connected with haphazard processes. 
Hy accepting a conscious plan, based on a scientific 
ont1cK)k and .scientific knowledge, we shall be able 
to bring about the transition from old to the new 
order w'ith the least disturhaiice of our sc^cial ciiuili- 
briiim. 

'riiis means that the scientists of India must 
become ever-increasingly eonscions of the part the> 
must play in the economic transformation of India 
and be ready to undertake the hurden in an ever- 
increasing measure. In this process the role of an 
association like ours is also clearly chalked out, ainl 
that role will l>e no minor one. I would say that 
the hopes of establishing a scientific economic order 
ill India re.sts equally on actual scientific work, and 
on the dissemination of scientific information and 
ideas among the mass of the people. If the .scientists 
will furnish the knowledge and technique which 
will make natioii.al planning on an adetinate scale 
possible, the ]>opularizers will create the fulcrum m 
public o|M‘iiion w'ithont wdiicli the knowledge and 
lechnicjue of the scientists must be largely unavail- 
ing. As yet we suffer from insufficient co-ordination 
between “these two wings. There is not perhaps in 
these days in India any serious dearth of compcleiil 
scientists who could be set lo the task of national 
planning, and such dearth w'hich might still exist 
is likely to be removed in the near future. Ihit the 
other half of the job, viz., the mobilization of pnhlie 
opinion on behalf of a idaiined scientific economy, 
remains unaccomplished. 1 iiis task must he 
shouldered by us. 

Our Ass(X'iation exists for facilitating this woih 
and is in fact giving more and more attention to this 
subject. This good work mn.st he kept up. I .have 
every confidence that Indian scientists as a class will 
never allow their enthusiasm in this matter lo flag. 
There are among them men who are not oiil> 
distinguished sT)ecialists in their own subjects but 
who are also patriots. They are awake to the wider 
social Ixickground of their w^ork and to their diit> 
to s(X'iety. The thoughts and activities of thest 
men have turned towards the problem of applying 
science on the widest possible basis for the national 
regeneration of India, and of awakening the pnhli« 
to its importance. Their example is insinring. het 
us alsfi i)ray that their teachings and work ina} 
achieve their true and ultimate puriiosc by bringin.- 
into existence at no distant date a new odcr in 
India. 
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iNTROnUCTU »N 

ADU) listeners nre now so iise«l to slnul waves, 
when luniilM tlieir sets to forei.i*!! stations, that 
tlKV can hardly be persuaded to believe that, about 
■i <-tiiii)le of deeades a.no, the Use ot such waves was 
<liiite unknown for lon.i; distanee radio coinniunica- 
The remarkable property of short waves for 
leaeh'nj^ Ion.!* distances was accidentally discovered 
1)\ I’lnateurs, and attracted the attention of radio 
eiiii’nec' s ( n!y at the be inuiiijL! .)f the last decade. 
lk‘f a e that date, loiii’-distance radio coinmunication 
was svnonynif us with the use of eiiurinously loni; 
waves. W’ave^eiveths as lcn.i» as 20 kilometres were 
MI '-oirmoTi use. Such lonq waves reouired, for their 
eTcifiit railiatioM, the erection of hune aerial systems 
an'1 emjdoymeiit of enormous power. The advent of 
^liort waves changed the situation complctclv. The 
aerials of a modern tr.ans contincMitMl short wave 
station would seem amateurish if compared to the 
ehiboratf’ aerial system of the old days. The power 
einplovcd also is only a mere fraction of that neces- 
sary for lon^r wave stations. Besides, short waves 
I>rovide "room** for an immensely e:reatcr number of 
coiimiunication channels than the Iotir waves. F'or 
these reasims, short wave has Riadually sunnlanted 
I'Miu waves though it has also certain disadvantapjes. 
I'irstly, short wave signal is subject to very strong 
fadiiiR. This, however, is not a very serious draw- 
back and can be remedied by the use of devices like 
automatic volume control or by suitable disposition 
• the receiving aerial system as is employed in the 

■ o-callcd 'diversity recei)tionb Tt has another draw- 
back which is more serious. Short wave signal 
ticiigth is greatly dependent on the particular wavc- 
'ts^th u.scd and on the hour of the day and on the 
Mson of the year. In fact, for the maintenance of 

■ ’’nnumications, different wave-lengths have to Ik* 
' d at different hours of the day, in different seasons 

2 


and also in different epochs of the sunspot cycle. 
Still as mentioned above, the difference in cost of 
erection and maintenance between a .short wuive and 
a long wave station is so great that in spite of these 
disadvantages and also because short wavK^ provides 
greater number of coinmunication channels, it is now 
univeisely used for long-distance radio communica- 
tions. 

It is obvious that to make the best use of short 
waves, the right wavelength has to be chosen at the 
right time. Here, the radio engineer is faced with 
a jiroblcm which he had liitherto been solving only 
by clever guess work based on long e-xperieiice. It is 
the purpose of this article to describe a method by 
which it has been i>ossible in recent years, to deter- 
mine the most effective wavelength in a scientific 
way by utlising the collected <lata of the electrical 
proiierties of the upper atmosphere. 


R6:.K <)!• Tiri.; Ionospiikrk in Ton(;-i)i.st.\ncr 

Tr\NSMISSI()N 

The different ionnspliLric regions which guide 
radio waves round the curved surface of the earth are 
represented in h'ig. 1 which is for a typical stiinmer 
daytime condition. For simplicity, fhe three regions, 
K, I'l and Ko show n as three mere lines. Actually 
the regions have a certain thickness and the distribu- 
tion of ionization density with height is roughly 
illustrated at the right of the diagram. The dotted 
lines show two of the many possible paths along 
which radio waves sent out from the transmitter T 
travel to the receivers at R, and Rj l)y being reflected 
from the ionosiihere at Ti and L. respectively. • The 
third dotted line indicates that waves sent out in 
this direction are not reflected and thus escape to 
the high atmosphere. * This picture, simple as it is, 
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represents the basic mechanism of radio wave trans- 
mission over long distances. In actual practice the 
phenomenon is more complicated since the density 
of ionization and the heights of the ionized regions 
vary with time and geographical location of the 
place under consideration. 


and are returned so by reflection. In the case o;' 
long-distance transmission however, the wave i. 
incident obliquely on the ionized strata and it i^ 
extremely difficult and tedious to obtain transmission 
characteristics at oblique incidence from experi 
mental observations. The problem therefore is ho\. 



Pig. 1. lllustratijig the inechanisin of long-distance radio tran.snii.sMon via the ionosphere. 


It is easy to see that the characteristics of the 
ionosphere at I, controls the propagation of radio 
waves from T to Ri. These characteristics are the 
“height** and the ionization density of the region 
concerned, llefore proceeding further, it is neces- 
sary. to define the sense in which the term “height** 
is used. The actual path followed by a radio wave 
returned from the ionosphere is shown in Fig. 2. 
The usual method of ionospheric measurements gives 
the height v of the apex K from the ground. This 
height, as may be seen from the figure, is greater 
than the true height attained by the radio wave and 
is called the virtual or equivalent height of the 
region. 


LOlVefi BOUNDARY 
OR THL I0NI2ED 

TayIr 


■ /• i \ 

^ — . — — 

Fig. Z. Illustrating the actual path followed bv a radio 
wave from the transmitter T to the receiver R. The virtual 
height of reflection h'fi is greater than the true height CG. 



to utilize the observatory data obtained with nornml 
inculence for computing transmission characteristics 
at oblique incidence. 

ClIAR.KTKKlSTICS FOK VKRTICAI, PROl’AC..Vn()N 

Records kept at ionospheric observatories supply 
the following data : (i) the virtual heights of reflect 
tion at normal incidence for waves of frequen- 
cies that may be lefiected and (//) the critical 
fre<iucncies /r, yi-, and y]..^ i.e., the maxinniiii 
freiiuencies beyond which at normal incidence, waxes 
cease to be reflected from the ionized regions lx, I', 
and F;j respectively. Fig. 3 depicts a typical record 
for a snnimer day, showing the variation of virtual 



hiG. 3. Depicting a typical (P/ — f) record made at 
ionospheric ohse.rvatories. 


Now, the ionospheric observatories distributed 
ill different parts of the world, keep records of 
ionospheric characteristics corresponding only to the 
case of vertical propagation i.e., for radio waves 
which are incident on the itmized strata normally 


height with the exploring wave-freqitency. It x'di 
lx* noticed that there are a number of discontinuities 
in the curves. These discontinuities mark tl 
critical frequencies i.e., the frequencies just aboi 
which the wave penetrates a particular tonosphcii' 
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-iratum and begins to be reflected from the higher 
, IK*. It will also be noticed that just before peuelra- 
,jun, the virtual height of the stratuiii concerned 
lu ieases enormously and more or less suddenly with 
I he increase of wave-frequency. The increase is due 
!,» the fact that for frequencies near the critical one, 
ilic waves travel in the ionized region with a velocity 
I !iich smaller than their normal velocity, wliicli, of 
i iiirse, is the velocity of light. The waves therefore 
take much longer time to reach the receiver and 
.ipl car to have been reflected from a very much 
higher level. It will be further seen from the curves 
that for a particular region, Region E say, there are 
two critical frequencies marked as /J! and /J. This 
iiulicates that due to the earth’s magnetic field, the 
ionosphere becomes a doubly-refracting medium and 
consequently, a radio wave, on entering into such 
.1 incdium is split up into component waves which 
;iic reflected from difTcrent levels. One component 
nuirked ‘ O ’ is called the ordinary wave and the 
other marked * X the extraordinary. It should be 
noted here that the critical frequency is a measure 
i»f the maximum iuoizalioii density of the region 
concerned and of tlie two, any one may be used for 
calculating it with the help of the corresponding 
toniiula. 


CiiARAcrKRisTics FOR Obuqur Propao.atjon 

W e have already seen that long-distance trans- 
mission corresponds to the case of oblique propaga- 
tion through the ionosphere (Fig. t). It can be 
shown that for a particular frequency, a wave, 
incident obliquely,is reflected from a lower level 
(that is, a level of smaller ionization density) than 
the same wave incident normally. Again the larger 
the angle of incidence (angle of wave path with the 
vertical), i.c., the greater the transmission distance, 
the higher is the upper limit of frequency of waves 
dnit can be reflected from a region of given ioniza- 
iioii density. This upper limit of frequency for 
transmis.sion over a given distance and time is called 
fln maximum usable frequency. It is easily seen 
di d the distance for which a given frequency is the 
^H.lxinlum usable frequency is also the minimum 
d’stjuice over which signals of that frctiuency can be 
'^‘^ived. This minimum distance for any frequency 
‘ ailed the Skip distance ; at any smaller distance, 
I'^viption is impossible on that or any higher 
irviiuency. 


CaiXULATIDN of THK MAXIMUM:4JsXblB rhtKQUKNCV 

Data for ntjrinal incidence as kept at the ionoS' 
pheric observatories can be ulilised for computing 
the characteristics for obli(iue propagation in the 
following way. 

It can be shown that if tlie earth be assumed to 
be flat, the maxiiiium usable freciuency f for trans- 
ini.ssioii over a distance D is given by 

/=/ sec. <l>, 

where / is the critical frequency of the region con- 
cerned, and «/), the angle of incidence, is given by 
tan </> = D/ 2z,. Tile above simple relation is found to 
hold good for liaiisiiiission over distances up to about 
500 kilometres. For long distances the curvature of 
the earth has to be taken into account and the 
analysis then becomes complicated. W ithout going 
into the details of the analysis, we may state here 
that the eflect of the earth’s curvature is to cause 
the radio wave to be reflected from a region of 
smaller electron density than would be necessary if 
the earth were flat. 

For liquid analysis it has been found po.s.sible to 
determine approximate conversion factors. The 
maximum usable frequency is obtained by inuliplying 
the critical frequency by the appropriate factor for 
the given distance and lime. 'Phesc factors depend 
upon the time of the day and the season of the year, 
and their values for Iransmission via different iono- 
spheric regions and over different distances arc given 
in the table below. I'he values are for single-hop 
transmission. 

Typic\l Average Values of the Maximum 
Usaelk Frequency Factors 


TRAXS.MIvSSION Distanck 
(IN KirOMKlRIiS) 


■ 1 

1 

500 

1000 

1500 

2500 1 

3500 

Whiter 

Midnight F 

1-2 

1-5 

1-8 

2-8 

29 

I'.. 


10 

2 1 

29 

34 

Summer 






Midnight V 

1-2 

14 

1-7 

2*4 

2-8 

Nowi Fj 

1-2 

15 

1-8 

2-5 

2 9 

Noon F, 

1-3 

20 

2-7 

36 


Noon 1{ 

1 2-0 

3'4 

4-4 




It will be seen that there are some blanks in the 
table. This is due to the fact that for the larger 
distances single-hop trrfnsmission is not possible. 



202 


Science and Culture 


Vol. VI, No. 4 


Tlic above conversion factors are for the latitude 
of Washington. 'I'lieso, together wilh similar factors 
for stations situated at other latitudes, may ])e used 
for deterniining the factors for places where there is 
no ionosi)heric observatory. It should be mentioned 
that in tlie tropical and sub-tropical regions, the 
factors do not vary appreciably for small changes in 
latitude. Finally, for a particular latitude the 
ionospheric characlerislics are essentially the same 
throughout at the same local time. 

Curves in Fig. 4 (b) and 4 (c) show the rela- 
tions between the three variables maximum usable 


and it is desired in determine the optimum fre(iuency 
fur communicating with a mobile unit at a given 
time. 

PkACTICAI. Aim*MCATIOX of MaXTMU.M 

FREyui'NCY Data in Radio Com.munication 

We may now discuss the method of utilising 
the above data for practical pui'iioses. The problem 
with which a radio engineer is concernd is this : 
(liven the two points between which communication 
is to be maintained, the approximate hours of trans- 





I'k;. 4. Illu.stratiiig the inetliod.s of plotting the niaxiimiiii usable frequency ilata. The close re.setnblance 
between the monthly average critical frequency curves in (a) ami the maximuin iisahle frequency curves 

in {b) i> to be marked. 


frequency, distance of transmission and lime of the 
day necessary in coniinunication j)rol>lems. Curves 
in iMg. 4 (rt) depict the corresponding monthly 
average critical frequencies for Washington, D.C. at 
different hours of the day during June, 1937. 

Of the two sets of curves shown in the figures, 
the one depicting the variation of the maximum 
usable freciMency with hxzal lime for different dis- , 
lancds as in Fig. 4 (6) contains the available data 
most concisely and completely and is in a form for 
ready use. Now, in the case of fixed stations the 
distance of transmission is fixed and only a certain 
number of frequencies is licensed for use. The 
optimum fretpiencies from amongst these to be used 
during different hours, or the optimum hours for any 
of these freciueiicics can be ea.sily determined with 
the help of these curves. 

The set of curves in Fig. 4 (c), showing the skip 
distance-time curves, is particularly useful for mobile 
radio service where the distatltc varies continuously 


mis.sion and the allowed freijuencies ; it is reciuircd 
to find out the optimum frequency which may bv 
employed for maintaining the communication. 

'I'he first information which is necessary is thni 
regarding the nature of the tran.smission path, i.t .. 
whether the path is single-hop or multi-hop. 
maximum range for single-hop transmission 
obtained when the angle of departure alx)ve tlk 
horizoulal is zero. The distance covered by sncli 
a hop is about 2400 km. for transmi.ssion via Region 
h) and nlx)Ut 4500 to 4 .s<^o hin, for that via Region I' 
111 practice, it is found that traTismis.sioiis at anglo 
of departure less than do not result in efficient 
communication due to ground absorption of IIk 
high frequencies used. Corresponding to this angl* 
of departure, the maximum range is less, bciiis-’ 
1700 km. for transmission via Region E and 3000 t'> 
3500 km. for that via Region F. It is obvious tlui* 
for distances greater than these ranges the tran?* 
mission path should be multi-hop. In the case 0? 
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siiiRlc-liop transinission, the part of the ionosphere 
which controls the traiisiiiissioii lies hsjlf-way 
lietwceii the transmitter and the receiver. For the 
case of multi-hop transmission, the corresponding 
controlling regions are easily determined, h'or the 
liiller however the different controllin.n reiiiuiis iiiiKht 
he in different latitudes and in different conditions 
of dayli.uht or darkness. There will thus be different 
niaxiimim usable frequencies for different hops. 

Ivnowiti)^ the nature of the trausmissiou path, 
curves of the type given in Fig. 4 can be emidoyed 
lor determining the maximum usalde frequency for 
a given transmission path and time. For the case 
of multi-hop transmission the maximum usable 
fie.^iency which is the lowest will have to be taken. 


OlTlMUM FRKyUKNCY— Dltum-CAI.CUTT/t SHRVICR 

The optimum fretiuency, which must be below 
tile iiiaximiim usable fre(|nencies, is now' chosen 
liom the available fre(iueiicy range, h'or this, two 
lacts have to be considered. Firstly, the absorption 
uf radio waves in their i)assage through the 
ionosi)hcie increases i.e., the signal strength becomes 
l(.-ss, as the transmission frecjiieiicy is lowered below 
the maximum usable frequency. Secondly, for 
iriaiiitenauce uf coiimiuiiicatioii, it is necessary in 
practice to allow for the day to day variation of 
critical freiiueiicy from the inuiithiy average value. 
I'.xperimental results over long pericnls show that 
this variation is within 15% of the monthly average 
value. 

Now, it is not ordinarily possible to change the 
iransmission freciuency frequently and hence a small 
limited numlK-r of frequencies is so chosen that a 
1 airly efficient communication at all hours of the 
'lay may be provided. The general rule is to select 
a frequency lying between 50% and 85% of the 
monthly average maximum usable freciuency for a 
v.iven distance and time. Hecause, below 50%, the 
i^ceived signal may be weakened by absorption and 
'h)uve 85%, the frequency may, on sonic days, lx: 
1 beyond the maximum usable frequency on account 
"1 the day to day variation of ionospheric conditions. 

In order to understand the procedure adopted 
lor calculating the working frequencies for a given 
tsaiismission distance let us for example, take the 
case of transmission between Calcutta and Delhi. 

I lie distance between these two places is 1295 kilo- 


metres and hc-ncL’ the transmission will be a siiigle- 
hoj) nno. T1 k‘ inid])oiiit of the path, where rellec- 
lion takes i)lace, is near Jaunpur (I,at. 25° 40' N ; 
Long. 82° 57 '.v8" Fv) in the United Provinces. The 
properties of the ionosphere at this place deteriiiiiies 
the Iransmission characteristics between Calcutta and 
I'elhi. vSiitce the latitude of the place is only little 
different from that of Calculla, the ionospheric 
characteristics at the mid-point may be taken to lx* 
the same as those at Calcutta. Fig. 5 depicts the 



^ li H jf a JO if rt 

LOCAL Time 

Pi<;. 5. Di^pirting the ni.'txiimini iisahle frefiiicney i'er.s«.s' 
lor.'i! time nirves foi Calcutta for Dcceniher, 1936. 

variation of maximum usable frequency with local 
time for different transmission distances. I'he curve 
corresponding to zero kilometre gives the monthly 
average critical frequency for Region h' obtained at 
Calcutta ill December, 1036. Now, .since the local 
time at the point of reilcction is only 2 minutes in 
advance of Indian standard time, the abscissa of 
Fig. 5 though plotted as local time, gives practically 
the l.S.T. h'ig. 6 shows such a curve for the given 
transmission distance of 1295 km. Two auxiliary 
curves (dashed ones) have been drawn on the same 
graph, one 15% and the other 50% below the 
maximum usable frequency curve. The frequencies 
chosen for transmission should lie between these two 
curves and should alAo be such as to involve as few 
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(.hangcs of fre:iuency as possible during a day. The 
dotted lines show one iiossible set of frequencies 



I'K',. 6. Illustratiilif the method of determining: the optimum 
fie((ucncie^ to he used for transmission over a given 
distance. ‘The curves arc for transmission between 
Delhi and Calcutta, 


which may be used for transiiiissioii l>etweeii Calcutta 
and Delhi. The vertical dot-dashed lines mark the 
hours at whicli the transmission frequency is to be 
changed. 

The National Bureau of Standards of the 

S. A. is using this method with considerable 
success, for computing the optimum frequency and 
l)iiblishes monthly charts depicting the frequencies 
to be used at dilTereiit hours of the day and for 
different ranges, bused on ionospheric data recorded 
at Washington. The importance of such publica- 
tions is evident and a preliminary attempt has there- 
fore been made in this article to prepare similar 
charts for the sub-tropical latitude of India (Fig. 5). 
Unfortunately, though the C(iuipments necessary for 
keeping 24-hoiirly records are available at the 
laboratory in which the author works, it is not 
possible to keep such records over long periods for 
lack of funds.* 


* The author has much pleasure in acknowledging with 
thunks the help he received from Prof. S. K. Mitra in the 
jircparation of the article. 


BEETLES AS BONE CLEANERS 

An army of beetles has l)ccn mustered into the service of cleaning bones of small animals that are to 
]ye mounted, because the beetles do the job better and quicker than humans. Skeletons and skulls of 
animals are shipped to the Aniericaii Museum of Natural History from points as far distant as Persia and 
Australia, and invariably there arc scraps of dried meat clinging to them which must be removed before 
mounting. The collection of bones is placed in a mctal-lined “arena* ^ where they are attacked by 
hundreds ofljectle cleaners. The insects are of a variety propagated from stock received from Africa and 
Asia. 


— Armchair Science, 


The Santal Tree- Press and Plank-Press 

K. P. Chattopadhyay 

Professor of Anthropology, Calcutta University. 


I N ail earlier paper I have descril)ed the tree-press 
of Nicobar and of Assam ; and in a post-script 
to that paper, I mentioned that the Santals are 
stated to have formerly used a similar press for oil 
making/ My enquiries in vSanlal Par^anas proj)er 
rejiiarding a tree-press did not lead to the discovery 
of any actual specimen. I was however informed 
in some of the villages that tree-presses had been 
known to have existed formerly. Thus Habulal, the 
hoad man of Aimii, in Jamtara subdivision of the 
Santal Pargaiias, a man about 35 years of age said 
tliat he had heard of this press but never seen a 
specimen. His uncle (a step bndher of his deceased 
fnllier) Kandon, an old man over 60 years of age 
(computed on the basis of age of grand -chihlren, 
and other statements) stated that he had seen the 
Iree-i^ress when he was a young lad. 'Phere was 
then a tree-press in Amui, and another in a village 
(HI the other side of the Ajoy river. He said that 
;i stone was placed at the base of a Molina tree, a 
I10II0W was made in its trunk and a thick plank ab<mt 
a foot and a half long (he said a cubit, which is of 
tills si/e) was placed on the bundles of crushed and 
steamed mohul seed. Another plank, a little longer, 
was placed on the stone but under the Inindles. A 
log was then inserted into the hollow, and pressure 
applied by means of a thong or rope tied to the log, 
and the lower plank. He gave a demonstration of 
I10W he had seen the press worked. He could not say 
who introduced the plank-press (Sunum ptVa). But 
lie stated that people found it siifer to work the plank- 
I'less and therefore abandoned the tree-press. In the 
Jhargram subdivision of Midnaporc I was informed 
I hat the tree-press had been in use about a 
veneration ago. A Santal young man of age not 
more than 25 years, of the village Kalabuni, about 
three miles from Jhargram railway station showed 


‘ Indian oil presses and (dl ^^'traction . Anomit ^ tin 
lilian Anthropological Institute, Vol. T, 1938, C 

There is a short note on the Santal f 

uilal Dictionary by P. O. Bodding besides the mention 
in the footnote to the folk tales. 


me ill this village where there was now the usual 
Sunum piiia or horizontal plank-press. I'herc was a 
Mohuu (Hassia lali]oUa) tree which had formerly Ix^en 
used for a tree-pre.ss. He said he had seen it worked 
when a boy. There had been a big hole (now a 
hollow) ill I he side of the tree and a block of wood or 
stone used to be put at the base. Baskets of steamed 
and crusbed Mohuu seed were placed on the block 
and pressure was ap])licd on these by a log thrust 
into the hole in the tree. His statements were con- 
liriiied hy the village elders indcpciidcnlly. In vil- 
large Kasia, I was .shown a level or kcond {Diospyros 
melanoxylon) tree formerly used for a prOss. It is 
now known as the cunruj pnto level, i>e., the terel 
tree u.sckI for an oil press. There is now a sunum 
pdia here ; the tree-press disappeared over a genera- 
tion ago. Only old men remembered having seen it 
in operation. 

Ill Mayurbhanj, where I went during Christmas 
holidays in IQ;^<S for field work, emiuiries made of the 
vSantals at a weekly fair led to the discovery of a tree- 
piess in the village Rokoiii, in Mnrnda Pargana. The 
village is about 22 miles to the east of Baripada, the 
capital of Mayurbhanj. The village has several 
hamlets, one of which Patiasahi is inhabited entirely 
by the Santals. In this hamlet 1 came across a plank- 
press of the usual type and also found the tree-press. 
The plank-press was found in several other villages 
near by, and not always in Santal lioiises. In Rokoni 
itself, in the main village, which is inhabited by 
liottcrs mostly, I found a plank-pre.ss in the house 
of Judhisthir Behara, a potter by caste. The Oriyas 
call it the Junta or press. The tree-press was siibse- 
(jiiently found in almost every vSantal village in this 
part of the country. 

The plank-press is invariably owned by an indi- 
vidual ; but he allows his neighbours (co-villagers) 
to use it, Un- a consideration. Generally, one poa 
((luarter seer) of oil is made over to the owner for 
every five seers of oil pressed out. The tree-press 
in most villages w.as however stated to be the 
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property of tlie uiitiic Saiital hamlet. The pre.ss in 
Rokoiii (fig. I fig. .i) consists of the following 
parts : — 

M) The main tree trunk, of a thick living Molma trev. willi 
a hok* in it, two fvvt from the grouml level. 

(2) The liloek of wood Used to the ground before the hole, 
and ju.st below it. It is roiighh shapeil and Hat on top. 
Si/e 4'-d" long, T-IO" wide and 1' liigh. It ba.^; a 
eiiTular groove on the raiter half of the top surface 
about tw<i inches wide and a foot in diameter. It ends 
in a lip at the e<lge of the block. In this lip is in- 
serti*d a bamboo chaniul made by splitting into two a 
hollow bamboo a few inehes long. The groove is known 
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as iLiHiiii and the channel nt bamboo as lutu, 'I'lic lula 
may also be of palm leaf. 

(d) The top plank. It is <»nly a short oblong piece with two 
]>roiecling handles. There are several such oblong 
planks about a foot lung ainl ten inches wide. They 
are all termed iipina, 

M) 'Idle presser. It is a long pole, laing a slightly dressed 
trunk of a tree. One eiiil is inserted into the hole of 
the big Mohiiii tree. Iveiiglh, 13 feet. Diameter, 7 
im*hes. (jenerall\ the length varies from 12' to 14' and 
the diameter from b" to 7". 

(.s) The presvlever. In this ])articu1ar type of tree-press, 
the ])ressure is not applieil directly but by means of a 
lever, which is another similar ])ole ftrunk of a tree) 
fixed in a hole* in another big tree in a direction at 
right angles to tin* presser described in the previous 
paragra|)li. both the p«)les are known as jilnta iara. 

'rite lree-prc.ssL*.s in the villages of Ajaii, Sanniasi, 
Hahresahi and Caiiiardonr (shown on survey maps 
as Hhaduasalii and Cainardaliaiii), while resembling 
this type in general outline varies in certain details. 

Ill Hahi\;sahi, Camardonr and Sanniasi, the fixed 
block at the base of the tree is of stone, with the 
usual groove aud lip ; at Ajan, the block is of wood 
as in Rokojii. In Rahresahi, tlK* presser “p** (fig. ^) 


rests on a forked upright known as Thesu 

Khunli fixed in the ground near the end of the long 
pole, almost in a line with the hole and the stone. 
There is another upright log “k” known as Khunli, 
about two feet away to the side of this line (to the 
left, facing the tree). It has a pin, “h” Khila, at 
aixmt a foot from the ground. The end of the press- 
lever is tied to the upright log {Khunli) and pin 
{Khila] and pressure is applied on the presser log, 
after taking the latter off the fork t)i the supi^oiiing 



log {TIu'sa Khunli). Three or four men sit on the 
presser to apply the necessary force. 



In the three other villages, two press-levers ar^ 
employed. In vSanniasi there are two tree-presses at 
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\\(> ends uf the liaiiilet, and both are of this type, 
ill one of these there are two iii)riRht logs for tying 
;|ic ends of the press-levers with fibres or thongs. 
, IK- on each side of the middle line, i.r., the jn’esser 
,iid a ctJiiple of feet away from it. (fig. 4). 
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In llie (Jllier tree-press, in vSanniasi, a thick root 
ol the main tree of the pre.ss is used to tie one of the 
press-levers, instead of fixing an upright log in the 
round. In Camardonr and Ajan slots are cut in the 
upiights and (fig. 5) the press lever ends inserted inlt» 
iheiii. Pressure is at»plied at the other ends of these 
U vers by one or two men forcing them downwards. 

The fork comes in liandy f{jr resting tlie jnesser 
111 an elevale<l position, necessary for placing the 
lniiidles of seeds below its end near the tree. A 
taiiiaiind tree was used for one of tlie iH'esses in 
Saiiiiiasi, and a banian tree was so utilised in the 
iiiaiii hamlet of Ajan. Elsewhere Mohua trees were 
ntdised. None of these villages, except Roktmi had 
j'lank-i)ress. 

Tile tree-press has also lieeii reported from Singh- 
i’l’inn among the vSaiitals. It is also stated b) have 
*'^^•11 in use until recently in a village in the Noakhali 
"'■^tnet of Eastern Bengal among the Hindus living 
"‘iu- the Ixirder of Hill Tipperah. It has also been 
"“ted ill iny previous iiaper that the tree-j)ress is found 
njiper Assam. A photograph showing its use in 
t'l Harrang district among Koches, was reproduced in 
thi it paper. A description was also given of the tree- 
used by the Nicobarese who speak a language 


of the Austric group, iiiteniiediate in position to the 
languages of the Miiiidari and Moiikh-Mer sub- 
groups. 

Tile Mohua kernel, which seed alone is pressed 
liy the Saiitals in these machines, is first of all 
crushetl and then steamed. It is then packetl in 
bundles of straw or in baskets teinied tofni, made in 
Mayurbhaiij, of a creeper called by the local Santals 
jamlar. The fibre is soft and strong ; and wt)Ven into 
round flat baskets of a check pattern, of diameter 

inches. The packed baskets are jdaced on the 
block of woo<l, on tile caniio, generally putting four 
to six ba.skets together one on top of the cUlier. The 
to]» aplira is now put on the baskets ami the iiresser 
adjusted to the middle of the top plank. Where there 
is only one pi ess-lever, it is now brought over the 
presser, and three or four men sit oil this last ixde. 
I\lsewheie the press-levers are fixed and pushed 
dowiiwaitls. The oil dribbles out by the channel and 
is caught in a pot jdaced in position. After the oil 
has eonie out as fai as possible under such [•lessure, 
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the i)re.sser and iness-levers are raised, and two or 
more aphra planks in.sc-rted between the to]> plank 
and the baskets, rressure is then again applied and 
further oil drainetl out. Tlie cake that remains <wcr 
is used as fuel. The tree-press is termed cnnruj pata 
to distinguish it from the ordinary plank-press, 
termed sarpa pain, in Mayiirbhanj. 

Mohua oil is u.sed in cooking in this part of the 
country and is also used to lubricate cart wheels. The 
plank-i)rc.ss in the hoilse of Mangat Alanjhi, a Santal 
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of I'aliasilii in Kokoiii was btiiig Ubcd to press out 
MoUua oil (Ml a eoiiiiiiercial basis when T with niy 
sliideiils visited the village in 1938. The owner had 
eii.i;a,ned three otlier Saiitals to help him in this work. 
At lliat season, Mohua oil was beiiii; sold at five 
annas per seer, 'fhe hired men were i;eltin‘a, as daily 
wa;;es live seers of paddy, worth about an anna and a 
half. \V\* eoiild not lind (Jiit how much time or 
labour was spent on eolleelin.n the kernels. Hut we 
were told that Mandat and liis three men wouhl 
pre.ss daily ten to lifteeii seers of oil, worth from 
rupees three to rupees four nearly. If only two 
persons worked at it, apparently five seers or a little 
more of oil would be pre.ssetl out in a <lay. This 
would be the number that would usually work if a 
family wanted to press oil (»ut of kernels collected 
by it, with occasional help from other members of 
the family. I saw a (Saiital) husband and wife, heli)ed 
by another member of the family workini* a ])laiik- 
press of a non-vSaiital in the villai^e of Ikddia to press 
out oil for domestic use. They stated five seers to be 
the amount obtained in a day and this was confirmed 
by the oAviier of the laess. b'or leiidiiij^ the oil-press 
for a day, the owner would therefore Kct oil worth 
one anna and a ipiarter or i»erhaps a little more- 
I»ractically half a day’s wage for an adult. The daily 
rate of the w’ages varies from two to three annas a 
day for an adult in this area. 

The tree-press of the Santals in Mayurbhanj 
differs from the single lever tree-i>ress of Assam and 
Nicobar in respect of the arrangement for applying 
incssurc. .Vs noted before, an additional lever is 
employed. In (dher words it is a double lever Iree- 
press. A reference to my earlier paper will show that 
I sug.gested that the double lever plank-press had 
evolved from the .single lever tree-press. The Santal 
double lever tree-iire.ss fnrni.shes evidence of the cor- 
rectness of this view by jne.serving an intermediate 
type. \Vc may try to reconstruct the possible line of 
evolution ironi the Santal tree-press to the full- 
fledged plank-] iress. 'I'hc .second tree, for the inser- 
tion of the press-lever as found at Rokoni, is rei)laccd 
in the type used at Rahresahi by an ui)right log. 
There arc .slots cut in the iij^rights at Camanlonr and 
.\jan, comparable to the hole in the second tree, for 
insertion of the jness-lever. The slots however have 
given way elsewhere to tying with thongs or roiies. 
We may therefore t>resunie that in later types, the 
living tree into which the main lever (here termed 
Liro.sser) was thrust, was replaced hy a fixed ui>right. 
The nres.ser had its lower surface dressed to prevent 
slipping and was tied to the fi^d upright. The fixed 


lower wvKxleii block (in ]>lace of stone) was extended 
and became the lower plank or log of the imiiroved 
liress, tile can do remaining in the middle, and the 
channel for draining the oil naturally going to the 
side. The two ipirights on the two sides would help 
to keep the two ])lanks or logs of the i)ress ])roper in 
Iiosition. The iiress-Iever or levers would just be tied 
at one end, at the side and the force aiiplied. The 
Seraikella oil press of first type (text figure i, ])age 
of my pai>er (jiioted) is an example of this kind of 
plank-press, W'ith the planks vertical. It would he 
more likely that the forked nin'iglit which .serves iis 
a re.st for the i)re.s.scr as noted before, will be ii.sefi 
for tying the two ] flanks together to keep them in 
jjosition. This would make it more convenient to 111 
the press-levers in the looj) of the thongs (or roiies) 
on the same side as each of the levers. 1 may add 
here that in Santal 1 flank -])re.sses two levers, one on 
each side t>f the planks, is also (|iiile common. 

The final improvement consi.sted in fitting the 
upright.s at each end into the two planks or dressed 
logs, of the press iii.slead of lying them. 'I'he press- 
icvcr continued to be tied to tile upriglU, but the fnl- 
cruin of tile U‘Ver was obtained by placing that end 
against the press as a whole for convenience. 

The plank-press, as noted before, is not found 
in the purely vSanlal yillages in Mnruda Rirgana 
It is common in the villages where there is a hanilel 
of the Hindus, and is found also in the houses of the 
Ilindus. It is b>und also among other ])Cople, 
noted in iny earlier paper. The Santals themselves 
admit that the plank-press has re[ laced the tree-]>ress 
among them. In some villages in Jamtara, this hap- 
pened two generations ago ; in Jliargrain it occnrre<l 
in some areas a generation or two ago. Hut it has 
.survived in <»tlier parks of the vSanlal country, like 
.Siiighbhum, and notably in Mayurbbanj. It slums 
that the plauk-pre.ss had assumed its present form 
among noii-Santals l>efore it sju'ead to the SantaN 
although the tree-press furnished the basis of it. 'Hie 
geographical distrilmtion of the tree-press itself 
limited within the hounds of the area to which tlu 
Austric speaking tribes spread in India, (inchidiii;j 
Nicobar f.slands) altliougli in two t)f the places (in 
As.stim and Hengal) where the tree-pre.ss is found, 
such tribes have now distippeared. There is howevci 
an island of Austric speaking peo]fle near by, in tlu 
Kliasi bills. Language may have changed and racin' 
absorption even may have occurred in both tlics^ 
place.s while leaving the particular element 
materia] culture to survive because of its simplicity 
and utility. 
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^INCK the outbreak of the present war American 
^ scieiitilic journals are writing ceaselessly that 
(icrinany has a very low stock of hi.eh-octane fuel, 
\lhch is essential for aviation, and c(mse(iuently is 
not in a position to continue the war for a loni* time. 
Ill the ineseiit article an attempt is made to exi»lain 
wliat this hij^h-octaiie fuel is and what beariiiK it 
has eot on aviation. 

In the early pari of this century the naptha 
'.tiiplied from crude oil (“.straight run”) and re- 
if)vered from natural gas was the only source of 
MK)tor fuel. Hut it was discovered that the tendency 
of the fuel to “knock” restricted the power of the 
spark-ignition engines to convert the energy of the 
fuel into ])ower. 'The thermal efficiency of an 
internal combustion engine is increased with increas- 
ing compression ratio, i.c,, for the same amount of 
liu l more energy is converted to power, 'l'3'pical com- 
i'lession ratios of ordinary gasoline engines are near 
iboiu n ; I. This means that the mixture <»f gasoline 
iiid air th.at is charged in the cylinder of the engine 
is compressed to one-sixth its volume before it is 
ieiiiled by an electric spark. The pi'oducts of coin- 
I'lislimi, being healed up to a high temperature by 
Hu- heal of combustion of the fuel, <leveIops a high 
iTessnre which forces the piston out and therebv 
' Mil verts the iieal energy nf the fuel to mechanical 
' aergy. With the “straight run” gasoline, if the 
• 'Hiipiession ratio exceeds the value mentioned abi)ve 
die mixture of gasoline and air will not require a 
"park, but the heat generated due to compression 
”dv will raise the temperature so high that the 
'• i.xlure would start burning in the cylinder long 
'•hue it slundd. The mixture would start burning 
'hie the pi.ston is still compressing and thus cause 
violent ‘knock* or even force the piston back down 
'e cylinder and cause the engine to start running 
' ' a'kwards. 

Til order to have therefore more power from the 
the compression ratio of the engine should be 
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high and the fuels with higher anti-knock ]n*o])erties 
must be used. T'he anti knocking ‘property of the fuel 
is measured in terms of (K*tane number. The octane 
number of a fuel is expressed as the per cent of iso- 
bclaiie ill a blend with a-heidaiie, which in'odiices 
the same tendency as the fuel to knock in an 
internal combustion engine run under si)ccified con- 
ditions. The octane-number of iso-iictaiie (2,2,4- 
IrimethylpeJitane) is 100 and that of »i-heplane o by 
definition. How octane number varies with chemical 
structure for a given number of carbon atoms is 
brought out by the following tal^ulat i«)ns : • 
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Several years ago, the ( '.eiieral •Mi>tors Corpora- 
tion of H. vS. A. carried out researches to find out 
the lelation between the octane number and ctuii- 
pression ratio. 'I'hc fuels used in each case were 
just callable of avoiding a knock. A car wa.s run both 
oil the dynamometer and on the road. It was found 
that 60 octane-fuel was required for .standard 5 25 
compression ratio, about g.s octane-numlw for 8’o 
compression ratio, and .something better than 100 
(X!lane-nuiiiber for io'3 compression ratio. At a 
speed of 40 miles per ]iour, the miles per gallon im- 
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proved from i,''5 at s ' ^5 coniiuessioii ratio to i8 at 
8 o and 2i at 10 3. Tlic average increase in econt)niy, 
between 10 and Oo miles i)er liour, is al)out 45 per 
cent • in going from 5*25 to S o compression ratio 
nmler these conditions of constant performance. 

'J'lie importance of higli cK'laiie fuel in aviation 
lies in Jiiore Jnileage with less fuel. Figuratively an 
increase Irom *87 to 100 in (.K;tane-numl)er allows a 
plane to carry 11>. less fuel on a i/too miles flight. 
Seven more passengers or an equivalent weight or 
mail or freight may also be carried instead. Present 
loo octane-number aviation fuels have made possible 
a 15 to .so iicr <vnt increase in power for take-olT 
and climbing, or a jo per cent reduction in fuel con- 
sumption during flight, when compared to a pre- 
viously available fuel of tS; octane-number. kxj- 
octane fuels have increased both power per cubic 
inch of displacement and power per .gallon of fuel. 

Hebae a .gasoline is to be used in an internal 
coinbiKstion engine, two important properties higli 
leail suscepliiiility and high volatility — are to be 
ensured to approach an ideal condition. lA*ad 
susceptibility is the iiroperly of a hydrocarlxin which 
may be iiieasured by the increase in ()ctane-imnil)er 
obtained by the addition of a given amount of tetra- 
ethyl lead [rb(C2lla,)4 1 ; therefore lead-susceptibility 
is the ability of a fuel to re.spond to “leading”. -This 
unique ability of tetraethyl lead to improve octane- 
number was discovere<l alxnit 17 years ago. Addi- 
tion of as .small a (piantity as s tetraethyl 

lead per U. S. .gallon increases the otiane-number 
of iso-detane itself to about uq. In all ca.ses the 
liist addition of lead jiroduces the most marked 
effect. Gasoline containing tetraethyl lead was first 
put on public sale in a single .‘service station in 
I'. vS. A. in the year 1923, under the now familiar 
name of “ethyl” gasoline. Fourteen years later, in 
19.^7 about 6b million i)ounds of tetraethyl lead were 
marketed, sufficient to increase the octane-number of 
20 billion gallons of gasoline by some 6 or 7 points. 
In the aviation field almost all gasoline of 80 octane- 
number or better contains tetraethyl lead. In fact, 
the performance of the modern military and the 
transport planes is <lne in large part to the develoi)- 
ment of high octane gasoline, a devehjpmeiit in 
which tetraethyl lead has played an important role. 

W'hcn the octane-number is so important in 
prevciilin.g. the knocking in high-compression engines 
then (luestion may lx? asked why iso-octane itself or 
other high-octane ingredients are not used. Here 
the factor of volatility comes in. Gasoline must boil 


witbiii a certain range of temperature, which varies 
somewhat with the grade of gasoline, its iise, and 
the season of the year. Conventional aviation 
gasoline has an average l)oiling range of 180-2 io°F. 
Most desirable high-octane ingredients have a lx)il. 
iiig i>oint iiiucli higher than that (i.so-dctaiie - 
2oo-24o°b\) and so must be diluted with more 
volatile, less knock-resi.stant hydrocarbons. This re- 
duces the octaiie-mimbcr of the blend. The decrease 
in the octane-number of the blend is increased by 
tetraelliyl lead. 

Side bv .side with tlie (levelopnieiit of tetraethyl 
lead, the i)Ltrt>lcnm rditiers arc also .striving hard 
]>n)dnce .gasoline having high volatility as well as 
high octane-number. Thermal cracking of crude 
petroleum was originally introduced to satisfy the 
rapidly increa.sing demaml for ga.soline without using 
tip all available resources. But the cracking opera 
tion, w hereby hi.glur boiliii.g petroleum fractions are 
broken down into materials boiling within the gaso- 
line range, did more than increasing the gasoline 
volume. It has given the refiner coiusiderably Ixttei 
control over his product, by which the branchiness, 
the nnsaturation, and the aromacity of gasoline can 
be increased, al! of which make for higher octane 
iinmlx'r. 

.\cxt tlk- process of destructive hydrogenation 
filled np the gap between the aromatic and aliphatii 
hydr(X*arlH)ns and it has now become iiossible to go 
from one to the other. Operations at moderate tein- 
licraturcs in the presence of hydrogen, maintained 
at a pressure of several hniidr 'd atmospheres pro- 
duces more gasoline from the crude than mere 
thermal cracking, and also removes the undesirahlc 
sulphur (inantitatively. By means of operations al 
hi.ghei temi>eralnres, exteiidin.g for a longer lime «'l 
contact than that oi’ straight thermal cracking, it {'> 
possible to produce a material of high aromatic con 
tent. 'I'his type of hydrogenation has the additional 
advantage of producing high (xAane-number fuel in 
the higher Ixiiling range. 

The ga.soline industry is now entering its fourth 
phase with the production of synthetic fuels, 
(jaseons hydrtx'arbons are also produced along witli 
more gasoline from the process of thermal cracking 
In addition to methane, these gases, include the two-, 
three-, and foiir-carbon hydrocarl xins, and by suit 
able jirocesses they are now l^eiiig rcconibincd to 
produce synthetic 1 trod nets having higher octam 
ininiber and higher volatility. Polymerization ol 
isobutylene in the liquid phase with sulphuric acid 
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jinxluces 2,2,4-tninclhyl pcntciics which, on hydro- 
•.K'lialion yield 2,2,4-trinictliyli)entane or iso-dclatie : 
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'I'he above is the iso-dctaiie used as a reference 
fuel ft)!' aiiti-kiKK'k evalualum. A lew years a.eo the 
Ijetroleiini refiner had to Iniy it for evaluation pur- 
]>ose from the chemical manufaclurer at aljovit 70 
nii)ees per gallon. Today it is being iJroduced at a 
rate of million gallons i>er year for use in cointriercial 
aviation fuel. As will be recalled the octane-number 
of this product is too by definition. 

Hranched chains are also formed by direct 
idtiitioTis of olefins to paraffins. This type of alkyla- 
lioii takes place with the aid of a modified Friedel- 
Crafts catalyst and even, in the aliscnce of catalyst, at 
high temi)crature and i)ressure. Very recently a new 
eoiiipound called neohexane with a boilitig point of 
and with an CK'taiie num])er of 94 has been 
aiiiioiinccd. The commercial process by which neo- 
hexane is being made is called “thermal alkylation**, 
riiis is an alkylation reaction- the combiiialion of 
111 olefine with a paraffin. It is carried out at high 
leiiiperature and high pressure in the presence of an 
excess of iso-butane. Neohexane has more lead 
‘-iisceplibility than iso-octane so that on “leading** 
it has an octane rating of 1 15- 120. Kven a blend 
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of 50-50 iso-dctaiie and neohexane has more lead 
.susceptibility. Therefore ncohexane and iso-bclaiie 
can be blended with other hydrocarlx)ns to yield 
a blend in the right lK)iling range and with much 
higher octane-number than heretofore attainable. 

This art of synthetic gasoline manufacture is 
being .so much iierfected that the petroleum chemists 
are thinking iu)W of producing such hydrocarlx)ns as 
let ramethyl butane and 2,2,.^-trimethylbutane, which 
have octane ratings of at least 125. but is there any 
limit to this increasing trend towards higher and 
higher octane number and higher compression ratio? 
There ai)pears to be a feeling in certain t|uarters that 
the ordinary automobile engine cannot utilize 
efficiently the fuels that will be appiecialdy higher 
in anti-knock value than those available Uxlay. In 
fact, teslimon.v was recently i^reseiited to the 
Temporary National Kconoiny Committee in 
Washington to tlie elTect that the motor of today 
has reacheti the top in high compression ratio and 
therefore there is no need for further imi»roving the 
<iuality of gasoline. Hut in the develoiiment of 
aviation, where power per cubic inch of displacement 
is usually more important than thermal efficiency, 
the situation is difl’erent. It has been demon- 
strated that a supercharged engine can utilize’ fuel 
of as high an anti-knock value as may be available. 
With the increase of intake manifold pressure for 
sui)ercharging, the octane number f)f the fuel must 
also increase, if the knocking is to l)e prevented. 
All imi)orlant advantage of supercharging is that 
for the sjune engine supercharged to 10 inches of 
niercury above almospherie ]>ressure, the horse- 
power ordinarily available in an un supercharged 
condition rises to twice the original value. It may 
therebne be said that no limit can be now set as to 
tlie octane number of the fuel. The designers of 
the automobile engines of the future will alone 
decide whether they will lx; capable of utilizing the 
superfuel to be v>i’o<luced in days to coiue. 



The Late Sir Joseph Thomson 


to aniiomuv the passing; away of 
Sir J. J. Thomson, O.M., h'.k.S., Master of 
'riiuity College, Caiiihridge and formerly Cavendish 
professor of cxi)erimental pliysics. His earthly 
remains have been interred in the W’estminster 
Abbey by the side of his most brilliant pupil Cord 
Rutherford. He was the last of the line of British 
physicists like Kelvin, vSlokes, Maxwell and 
Rayleigh, who received their early training in 
matheinalical liliysics but later took up experi- 
mental research and who gave a characteristically 
British stamp to tlie develoijiiieiit of physics in the 
latter half of the nineteenth century. We give 
below an account of his life and activities. 

Joseph John 'riiomsoii was born on JJeceinber 
iS, ill Cheetham, a suburb of Manchester. He 
was intended to be apprenticed to an engineering 
firm. • W'hile on the waiting list a friend advised 
his father to have the boy, who was then only 14 
years of age, admitted to the Owens College 
which subsequently became the I'liiversity of 
Manchester - for a course in engineering. His 
teachers were Oslxiriie Reynolds in engineering, 
Balfour Stewart in physics, W’illiain Roscoc in 
chemistry, and Thomas Barker, a senior wrangler 
trom Trinity College, Cambridge in mathematics. 
Amongst the friends he made at that time were 
.Arthur vSchu.ster and J. H. Foyiiting ; the frieiid- 
shi]) with the latter, 'I'lioms*.)!! records to l)e one of 
the greatest joys of his life. 

His father died S(M>n after his admission to ilie 
Ow^eiis Collyge, and as the family could not i»ay 
the heavy premium necessary for jcMiiiiig an 
engineering linn,* it was decided to allow him tf> 
continue his studies in the Owens College, where 
he stayed for five years. Had it not been lor the 
sacrifices made by his mother and the scholarships 
he won, it would not have been possible for him to 
continue his studies in Manchester and later in 
Cambridge. t)n the advice of lii.s i»rofe.s.sor of 
mathematics. Professor Barker, he decided to ap]>ear 
at an entrance scholarship .*xamination tenable at 
Trinity College, Cambridge. He was awainled a 
minor scholarship of value a year and a 


siibsizarship at Trinity College which he joined in 
< MoIxt, 1876. 

He began to read for the Mathematical Tripos, 
and as was the custom he attended the classes of 
the famous Cambridge coaeli Dr Routh, of whoii] 
he has given a very interesting account in his 
RccolU ctions. He attended the lectures of Cayley, 
Adams and Stokes, also N. D. Niven’s lectures on 
Maxwell’s Elcclrkiiy and Maji^nelism. He .sat for 
the Mathematical Tripos in January, 1880, and 
came out as second wrangler, the senior w'raiigler 
of the year was Sir Joseph Larnior. It is interesting 
to record that Prof. Homersham Cox of Miiii 
College, Allahabad was the fourth wrangler the 
siinie year, 'rimmson used to visit the Cavendish 
Laboratory during this period, but somehow' he 
never met Maxwell who died in 1879. Later on 
Thomson edited the second edition of Maxwell’^ 
Treatise on Electricity and Maiinciisni, to w'hicli 
he added a supplementary volume entitled Receui 
Researches in FAectricily and Mafrnciism. 

Thomson had done a certain amonnl of experi- 
mental research work in Manchester, j)ne of wliieli 
ended in an explosion w'hieh injiireil his eye, and 
for .sometime it was doubtful whether his eye coiihl 
be Siived. After taking his B.A. degree in i88<', 
till his obtaining the Cavendish professorship, his 
time was fully occupied with lx)th theoretical and 
experimental inve.stigations. For his Fellowshiji 
exaininatitni, for which a dissertation had to lx 
submitted, he look up a subject the suggestion foi 
which came to him in Manchester w'hile attending 
Balfour Stewart’s lectures on the Conservation of 
b’nergy. Owing to the difficulty which he found in 
conceiving how one kind of energy was transformed 
into another, lie made the assumption that all kimb 
of energy w'ere kinetic in nature, the physical elTects 
produced by it depended upon the nature of the 
system ill which the energy found its home. He 
made use of, Langraiige’s and Hamilton’s e(|ualions. 
which gave very general methods for dealing with 
systems possessing only kinetic energies, to prob- 
lems in physics and chemistry. His dissertation 
was .snbse(]nentl>’ ex])aTKlcd into a liook called 
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A l;i plications of Dynamics to Physics and Chemis- 
try. He was awarded tlie Adams Prize in 1882, 
tile dissertation for whlcli was siil>se<iuently piih- 
lislicd as A Treatise on Wniex Motion. The 
results and ideas obtained during the course of this 
investigation came useful to him later when dealing 
with the structure of atoms, and the nature of the 
electric field. 

Another problem he totjh u]) at this period was 
tile investigation of the behaviour of moving 
charged particles in light of Maxwell’s theory, to 
<letermine the magnetic force due to the ehargetl 
moving particle, and also the mechanical force 
acting on the latter in a magnetic held. The results 
were imblished in the Philosophical MafioAnc in 
iSSr. One of the important conclusions drawn was, 
that a sphere of radius a with charge r ap])eared t«) 

liave an extra mass ^ , corresponding to the fact 

that when it was set in motion energy had to Ik- 
l»ut in the electromagnetic field surrounding it. Ft 
was v^utherland who pointed out that if the radius a 
was taVen .suhicienlly small, vie., about 2X lo*^' cm., 
there was no need to .suppose that the electron had 
any ordinary mass at all. This fundamental 
research of J. J. ThoniS(»n was the starting tioint of 
a number of impoiiaiit investigations by Abraham, 
Heaviside and Searle on the variation of the effec- 
tive mass of an electron with velocity, with parallel 
experimental investigations by Kaiifinann, Pucherer 
.ind Xaumann, culminating in the Lorentz-Funstein 
iransformations of the restricted theory ()f relativity 
Mild the principle of the cciuivalencc of mass and 
energy. Another consequence of these investiga- 
tions was the formulation of the elcctromagnctit' 
theory of matter, vh., the masses of all kinds of 
matter and the forces between them are of clectro- 
niagiictic origin. Later investigations have shown 
the untenability of this theory. 

'riie experiments undertaken during this period 
i>\' J. J. Thomson were chiefly on the suggestion 
‘I F^ord Rayleigh wlio had succeeded TMaxwcll in 
They were on problems arising as conse- 
'uences of Maxwell’s theory, the most important 
•I which was the determination of the ratio of the 
lectrostatic to the electromagnetic systems of units, 
liich according to the theory ought to be equal to 
'’ic velocity of light. 

In 1882 Thomson applied for the chair of applied 
athematics at Owens College, but he was i»asscd 
"cer in favour of Sclntster. He was elected a Fellow 


of the Royal Society in 1884, and in the sjune year 
he was cho.sen to succeed Lord Rayleigh as Caven- 
dish professor of experimental phvsics, much to his 
and to everyl)ody else’s suii>risv* as he states in his 
Recollections. 

His teiiuiv of the Cawiidish Chair lasted fn)iii 
i884-igi8, when he was made Master of Trinity 
College. This period (‘an be divided into two i)arts, 
the first from 1884-1805 was si)ent in organising 
the le(‘lure and laboratory \\«irk for an increasing 
number of students, for which he had the able 
assistance of men like Cdazebrook, Shaw, Kit/patrick, 
Wetham, Searle. 'I'lie beginning of the second 
period coincides with the new interest created in 
phvsics by the discoveries by Kdiitgeii of X-rays, 
of a .similar peiierating radiation from uranium com- 
pounds by ]k‘Ct|uerel and the istdation of radium by 
the Curies. The time was ripe for a ma.ss attack on 
such problems by a groiq> of resi arch students work- 
ing under the guidance of a master investigator. 
This facility was provided by the Cambridge Univer- 
sity introducing regulations by which graduates of 
other universities were admitted to Cambridge as 
research students, and were eligible to the award 
of the .Master’s degree after two years, on thef sub- 
mission of a thesis which was considered to be of 
distinction as a record of original research. The 
reputation whi('h.the Cavendish Fadioratory had 
accjuired as a home of research attracted a large 
number of al)1e students from all over the world, 
and the first batch had included men like Rutherford, 
Townsend and McClelland. 

'I'he investigations carried on by J. J. Thomson 
during the vears 1884-05 dealt with the phenomena 
of the dischaige of electri(‘ity through ga.ses. The 
theory of electrolytic dissociation, ])ro])osed in 1887 
by Arrhenius and Vant Hoff, had attracted the 
attention of J. J. Thomson and he wanted to find 
, out whether a similar splitting up of the gas m<decule 
took place under the influence of the elcctrit' field 
present in the discharge tulies resufting in oppo.sitely 
charged atomic ions. In 18(17 he was able to convince 
himself that the gaseous disstx'iation was of (piite 
a different ty])e. As he states in his RecoUcciions 
he was very clumsy with his fingers, and throughout 
his .series of important iiivc.stigations on gaseous 
discharge he had the technical assi.stance of others ; 
the first of his collaborators being his * (dd friend 
K. Thrclfall, who subsequently became professor of 
physics in the University of Sydney. In later period 
he had an as.sistant .named Kverett, a ver>' skilful 
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^^lass blower, from whom all the research students 
took lessons in the art. In recognition of the 
services rendered by him, bA'erett was awarded the 
honorary .M.A. deRrce of Canibridj^e University, a 
few years betfire he died. Other imiiortaiit invesli- 
Liations undertaken in this period were the classical 
iuvestiualioiis of Calleiidar on the teiiiperaUire varia- 
tion of metallic re.sistance, and the inveslijiations by 
C. 'r. K. Wilson on the formation of clouds, which 
found very important applications later. 

Since the introilnction of the new reiiulations in 
1^05 the number of research students increased 
raiddly, and there were at one time or another 
students fnmi almost every important university in 
luiroi)e, Asia, Africa and America. Anionj^st them 
may be mentioned the names of the present Lord 
Kaylei.i^h, II. A. Wilson, Harkla, O. W. Richardson, 
J. C. McLennan, F. W. Aston, F. V. Appleton, 
(i. r. Thomson, P. Lan.i>evin, Max Horn, Prini*sheim, 
Humpstead, K. Pr/ibrani, Smoluchowski and Ve.i»ard. 
W’ith the increase in the number of advanced 
students,, a Cavendish Physical Society was started 
in the primary object of 'vhich was to discuss 

recently published papers in physics. OpDortunity 
was alst) Kiveii to research students to .t>ive accounts 
of their own invest Rations. Such nieetiims were 
preceded b\’ tea presided over usually by Lady 
Thomson. Resides this there was the daily institu- 
tion of afternoon tea in the Professor’s room, where 
the research workirs daily met. All topics excel »t 
phyj^ics were discussed at such v>atherin^»s, from 
American jiolitics to tiolf and ftM)lball, in all of which 
J. J. Thomson took a lively interest. In i8c)8 was 
instituted the annual dinner of the Cavendish 
Physical 8>ociety, which was attended l)y many past 
students. A notable feature of these gatherings 
was the songs cotni)osed for these occasions by 
research students, the most prominent of whom was 
A. A. Robl^. They were .sung to the tunc of jiopular 
niu.sic hall songs. T^ven the intricate Maxwell’s 
e(iuations did wot escape the attention of the 
versifiers. The writer remembers attending the- 
annual dinner in the year Rutherford was 

awarded the Nobel Prize. The latter attended the 
dinner prior to his journey to Stockholm. Robb 
composed a special .song for the occasion enumerating 
all the lK?nefits which a -particles has conferred on 
Rutherford. 

J. J. 'riiomson was a shy man, the essential 
kindness of whose nature was hidden under a grulT 
exterior and a booming voices He possessed a dry 


sense of humour which used to come out in his 
speeches and conversation. His experimental lec- 
tures were interpersed witfi many ‘hoary annuals*. 
It is probably recounted of him that before iK'ginning 
one of his stories he used to remark that ‘tho.se who 
attended my lectures last year need not laugh this 
time*. The affectionate regard of the research 
students towards ‘J. J.’ found exiiression in mam 
.stories about him, .some of which were true and 
the others belonged to the category of ‘ought to 
have Ixjen true*. His little eccentricities, and his 
occasional attempts to improve upon the experinieii 
tal arrangement set up by liis a.ssistant Kveretl, 
sfmie of uhich led to disaster w’ere the subject ot 
many amused eonmieiits. The existence of tlu- 
jHisitive electron was an article of belief with him, 
just as that of the neutron with Rutherford. Whik 
experimenting with positive rays one day J. J 
Thoni.soii obtained a i)hotogra])hic record which 1 k 
thought was due to a positive particle of clectnni 
mass ; further investigation showed that it to be diK 
to a spurious effect. 

The experimental researches carried out by him 
during the period i8Q5-igi4 were concerned with tlu 
nature of the cathode ray, the pheuomeiia of gaseous 
ionisation and conduction, and the properties ()f tin- 
positive rays. For two terms in the year he used 
to give a course of advanced lectures on these topics, 
whicli later appeared in lxK)k form under the title 
Conduction of Electricity throufih Cases, and 
became at once a classic in the subject. 

He was the first to show that cathode rays could 
be dcfiected by electric as well as by magnetic fields, 
ami his researches contributed mainly to the estali 
lislmieiit of the view that they consisted of negativel> 
charged particles, which were named corpiiscle.s h\ 
Thonustm, but later on the suggestion of Stoney tin. 
name electron was adopted. These electrons were 
.shown by him to be an universal constituent ol 
matter, and whether emitted by radioactive or incan- 
dCvScent bodies, or by photo electric enii.ssion, the\ 
gave the stime value for e/m. Some of the earliest 
determinations of the latter were due to him. Tin. 
first determinations of the electron charge wen 
undertaken in his laboratory by Thomson, h' 
Townsend and by H. A. Wilson. It was left t'> 
Millikan to improve on Wilson’s niethcKl, which led 
to the famous oil drop method of determining 'c'- 

His theoretical investigations during this period 
dealt with the structure of the atom, for which lu 
proposed the model of a spherical volume distribution 
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of positive charge in whose atmosphere Z electrons 
Acre to be found, such that the total positive and 
negative charges were equal in amount. In such a 
model the electrons were subject to a quasi-elastic 
force. For this model he gave a formula for the 
mulliple scattering of electrons and also of X-rays 
hy thin layers of matter. The formula deduced for 
the last named effect, showed that the scattering per 
atom was proportional to Z, the nnnibor of electrons 
III it, and Barkla found that for some light gases 
with the exccjition of hydrogen, 7, was alx)ut half 
the atomic weight — the first evidence of the funda- 
mental role of nuclear charge in the theory of atomic 
Mild nuclear structure. He speculated deeply on 
the stability of cV'ctroiiic conllgurations in his atomic 
mold and he showed how his model could explain 
ihe periodic law. But the key to the mystery of 
the atomic structure could only be found by the 
Mojdication of quantum theory by Bohr. Study of 
ionisation by X-rays and of the energy of eV‘ctrons 
in plioloc\'Ctric emission convinced J. J. Thomson 
MS early as that the energy of electro tnagnelic 

iMdiat'on was not continuously spread over the whole 
\\M\e front but was concentrated in specks on the 
wave surface, /.c., the energy was propagated in 
separate bundles. He cotdd never accept whole- 
lie irleiny the implications of the Quaiilum Theory ; 
nrobably the difficulty of forming a model of the 
‘i iinntimi of action* prevented him from considering 
ilu* theory seriously. He helongod to the school of 
Maxwell, Kelvin and Rayleigh, who had definite 
views on the importance of using models as an aid 
to physical discoveries. His own attitude is shown 
ill liis most .successful text book Klemcnls of Elect ri- 
lily and Magnetism in which all the properties of 
llie electro-magnetic field are expressed in terms of 
l'araday*s lubes of force. 

Towards the end of the iieiiod under review 
Tlioinson took to the study of positive rays ; he 
‘U'vised the parabolic method of focussing charged 
I'lrlicles w'ith the same c/m. The most important 
'^Milt obtained by him was the separation of the 
I "O isotopes of neon— the ])ossibility of the existence 
such isotopes had just been suggested by Soddy, 
'oMi a study of the transformation of radioactive 
’ !'-inents. lyater Aston working in ^rhomson*s 
i'boratory considerably improved the focussing of 
‘' v apparatus and made it into a jirecision method 
' determining atomic masses. 

I'he work in the Cavendish LalHuatory suffered 
’m the outbreak of the last War, most of the 
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workers w'crc diverted to war work. Thomson was 
made a memlK*r of the Central Committee of the 
Board of Invention and Research. During this 
period he was also elected President of the Royal 
Society. In rguS he was api>ointcd Master of 
Trinity College, Cambridge, upon which he resigned 
his Cavendish profcvSsorship. Rutherford was 
elected to succeed him ; but he continued to work 
ill the Cavendish laboratory with his assistant and 
a coujde of research students. 

With the retirement of Thomson, a great change 
in the lochniqiie of the research work carried out 
in the Cavendish Laboratory took place. During 
his regime the ciptipmcnt of most of the research 
scholars consisted of a 'IVipler pump, with charcoal 
and licpiid air for producing high vacuum. Tuch 
student had to build up his own apparatus which 
was made chielly of glass, and the ionisation currents 
were measured chinny with the helj) of Wilson’s 
tiUed e’e.'troscope. Rutherford also did all his 
fundniiental investigations with the aid of simple 
apparatus like the alpha-ray electroscojie and the 
scintillation micrcscope, but he recogni/.cd the 
change tint was aiming in the techniiiiie of physical 
investigations. He gave facilities to Kapitza to 
build up an arrMiigenieiit for producing intense 
magnetic fields, and started the Mond Laboratory 
for low' temperature work. Cockcroft and Walton 
were given facility for setting up high voltage 
generators for nuclear disintegration w'ork, and one 
of Rnlhcrford’s last acts was to obtain a donation of 
j(! 2 ,so, 0 (‘o/- from Sir Herbert Austin for erecting a 
cyclotron. 

Compared to the present scale of expenditure 
in the Cavendish I^aboratorv, it is interesting to note 
that in rgT2-i;^ the extra amount spent on research 
by 4 i> students came up to about ;£ 55 o/-. Tn his 
KecolUetions ’riionison makes the following con- 
fession ‘It is not the first discovery of. some new 
physieal phenomena that is costly, c.g., thu dis- 
covery of X-rays by Rdntgen, oi* radium by the 
Curies, of the long continued cxiicriments of C. T. 
R. Wilson (leading to the vi.sualisation of tracks of 
ionising particles) cost <iuile insignificant sums. 
Discoveries such as those were due to what cannot 
he bought, to keen jiower of observation, to physical 
insight, to an enthusiasm that vloes not falter until 
the diniciillies and discrepancies which attend 
pioneering work is overcome’. He continues That 
when the Hrst discovery is made, the effect observed 
is generally small and Require a succession of lengthy 
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cxpcriiiitiils U) ul)t;iiii trustworthy results. It is the 
attempt to .eet lar.eer results that is so exi)ensive . . 
such money is however well spent for it enables us 
to obliiiu tliem more (piickly and with .greater 
certainty”. As will be evident from the account 
!j.iven above, his own investii.>ations were of the 
pioneer t>pe. He was intere.sted more in the dis- 
c»)vcry of new' plicnomeiia rather than in the coni- 
plide and accurate survey of a limited re.eioii. 

After his retirement he paid his last visit to 
America in t<) 23, when he delivered a course of 
lectures on lUcctrons in Clinnislty, which show’cd 


his interest in the nature of the chemical bond. In 
I03f) he published his Recollections and Reflections. 
'riiosc who are familiar with pre-war Cambridge will 
tind his reminiscences of men and events very 
delightful and entertaining. Of wider interest is his 
recollections and estimates i)f his teachers and great 
contemporaries. 

lie married the daughter of vSir George Paget, 
a well-known Cambridge physician. He is survived 
h\ a daughter and a son Prof. (i. P. ^riioinson. 

D. M. Bose. 


ENERGY IN PETROL TANK 

W hen we drive u]) to a gasoline fdling station in our car and say calmly “ten gallons i)lease“, we 
are getting comfortably contained within a volume of about one and one-third cubic feet in uur tank, 
the power eiiuivaleiit, il expressed in terms of water in a reservoir elevated loo feet, of i, 8 oo tons ol 
water occupying nearly o.K),Of)o cubic feet of volume. 
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The Late Sir Oliver Lodge 


TH the death of Sir Oliver UodKe is removed 
from our midst one of those few physicists 
s\li(), though brought up in the mechanistic school 
t»f rigid determinism, lived to see the advent of 
new physics in which determinism had hardly any 
l»]acc. Lodge l)elonged to the school of Kelvin, 
Poynling, Hertz, Crookes and Rayleigh to whom 
Xewtonian mechanics and classical elcclrodyna- 
inics founded by Faraday, Maxwell, Lorentz re- 
presented all in physics. The few of that gene- 
lalicm w’ho lived down to the present time could 
hardly adapt themselves to the strange ideas of 
iiiodern i)hysics in which laws of mechanics are flag- 
rantly violated, the distinction between tnatter and 
jiiergy is fast disappearing and determinism giving 
place to uncertainty. Sir Oliver was no exception 
'() this. It therefore seems strange that in vSpite of 
all essentially mechanistic outlook of the universe, 
Sir (Oliver could, at the same time, be a staunch 
luliever in psychical research and apply with clnrac- 
ui istic energy and zeal his critical faculties for study- 
ing mysteries like the survival of human personality 
after death. 

Oliver Joseph Lodge was born at Peiikhull in 
SlaiToidshire on 12II1 June, 1851. He was llie eldest 
son of Oliver Lodge, who owned a prosperous busi- 
ness of .supplying blue-clay to potters. lie began 
liis education in Grammar School at Newport. At 
the early age of 14, Lodge left the school and was 
admitted into his father’s business. At this lime the 
hoy chanced to come across a few old copies of 
Mechanics which he read with great interest. 
Hie natural inclination of the boy towards science, 
which lay dormant, was thereby kindled. He grew 
restless, but, it was not until seven years had elapsed 
that he managed wdth great difficulty to obtain per- 
mission from his father to leave the business and 
j'tep into the path of science. 

At the age of 21, Lodge joined the University 
College at London where he took his D.Sc. degree 
in It'' 8 1 and was appointed assistant professor of phy- 
Sixteen years later he was elected professor of 
I'hysics in the University of Liverpool, and was at 
C’j same lime made a fellow of the Royal Society, 
hi 1900, he was appointed the first principal of 


Hirininghaiii University through llu- innnence of 
Jfjseph Chainherlaiii. He obtained knighthood in 
igo2. During the last great war he .served as a 
member nf the Central Coniiiiitlec, which was the 
Governing body of the board of Invention and Re- 
search instituted in July igi.s with a view to giving 
expert advdee to the .\dniiralty for organizing scien- 
tific elTorls to meet the reciuireinenls of the Naval 
Service. Lodge rcsigiiL-d the iniiicipalship of the 
birininghain University in igig and went to live in 
retirement near vSalisburv where he breathed his last 
on August 22, 1940. 

While at the University College, London, Lodge 
was attracted by the theoretical work of Clerk Max- 
well which predicted the existence of electromagnetic 
waves. He naturally comnieiiced his first experi- 
ments on electrical jdienoiiiena and related subjects, 
file nature of the discharge of Leyden jars -was 
.studied by him in great detail and in this connection 
he carried out illuslralive experiments on the perfor- 
mance of lightning conductors. He was the first to 
call attention to the fact that the self-inductance of 
lightning conductors is of much more importance than 
the direct current coiuhictivily. Fveii if the conduc- 
tivity is aderinate, lightning eondnclors may jirove to 
he dangerous instead of being of any jn'otective 
value, if the .seir-indnctaiice is not low. In i88g, he 
delivered a lecture before the Royal Iiislitutioii on 
the oscillatory discharge of a Leyden jar where he 
performed experiments to demonstrate the effects of 
the discharge on wires as well as in free space. He 
was no doubt working with cleclro-inagtielic waves 
,thc existence of which had been established a year 
ago by himself and more satisfactorily by Ileilirich 
Hertz. Like vSir J. C. Bose lie repeated all the ex- 
periments of Hertz on electric waves using as detector 
a Braiily’s coherer modified by himself to increase its 
efficiency. He dcmonslrated beautifully the reception 
of the waves at a di.stance of a few hundred yards 
from the emitter— the waves being made perceptible 
by the deflection of a si)Ol of light or by the imiiression 
of the signals on tape with the help of* a siphon 
recorder. By this time he had also devised a new 
type of coherer which consisted of a greasy steel 
wheel maintained in constant rotation with its edge 
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ilip])ing ill a jinol <»f iiicrciu> . Nr)riiially the pool is 
divided into two distinct portions having no con- 
ducting connection hctwccii them. When electric 
waves are incident the I wo portions coalesce and a 
conducting link is estahlished. 

Though Lodge perl’orined his experiments on 
electric waves with great success, the idea that these 
waves couhl he made use of for wireless cominu- 
nication e.scaped his notice. In this respect he shared 
the lot of a nunihei of physicists like Hertz, Dolhear, 
Rigid and llugiies wlio had within their grasp the 
secret of an acliieveiiieiit of outstanding importance 
but, strangely eiiough, failed to realize it. This 
faiJuie of so many lirilii.'iiit w^orkers to apply the 
results of a lirst class scieiitilic discovery was due to 
a cause which is unfortunately only too common in 
the scientific world. A scientist, cloistered as he is 
ill his research lahoratory investigating the laws of 
nature and engrossed in tne work of imparting 
knowledge to Ins inipils, finds little time and also 
fre.iLiently has little inclination to exploit the dis- 
coveries .by apiilying them to satisfy some daily need 
ot mankind. In this connection Lodge’s own woids 
may be (pioted : ‘T was loo busy with teaching work 
to take up telegraphic or iiiiy other development. 
Nor had 1 the foresight to perceive, what was turned 
out to he, its extraordinary inipoiiaiice to the Navy, 
the merchant service, and, indeed, land and war 
.service, too.” Speaking tni the work of Lodge, 
Profcs.sor J. II. Poynting has said, “Whatever 
dcveloi»meiils and changes may be made in the system 
of wireless telegraphy, there can be no doubt that 
Sir tdiver J^ialge W'ill always be rccogni.sed as one of 
the founders of the system, as a pioneer in re.soarche.s 
on which others have Imilt.” biven after Marconi had 
succeeded in inventing his own system of wireless 
telegraphy, Lodge introduced certain improvements 
without which the practical applications of any system 
of wireless^ would have been .seriously limited. In 
1S97,. Lodge called attention to the fact that by tuning 
the traiisinilter and the receiver, — which he described 
as syntonic telegraphy privacy of the messages 
transmitted and freedom from interference could be 
ensured. . This invention was no doubt an invaluable 
and es.seiitial step towards the inogrcss f)f wireless 
communication. 

Lodge carried out successfully a very important 
experiment on the relative motion of matter and ether 
befoK* the advent of the theory of relativity, at a 
time when the perplexing question of the reality or 
otherwise of the ether of space was agitating the 


mind of the scientific world. With great ingenuity 
Lodge devised his famous ether-drift experiment 
which showed that the vehxdty of light just outside 
moving matter is not influenced by the motion of the 
matter. 

Although an ex])erimental physicist, Lodge was 
a man of no small literary ability. He is tin 
author of a large number of books on varied topics. 
Ilis style is .simple and vivid and unrivalle<l 
for clear exposition. 'I'his is particularly evident in 
his admirable work, l^ioneers of Science, which, 
though written half a century ago, is still read willi 
profit and pleasure by many. We cannot help quol- 
ing here from this book his striking description of the 
true man of science. He says — They are men “who 
seem of another age and country, who look upon the 
bustle and feverish activity and are not infected by 
it, who watch others achieving prizes of riches ami 
pleasure and are not disturbed, wlio look on the 
world and the iiniversc they are born in with quite 
other eyes.” 'Ihey are distinct from men “using 
the name of science but working for their own ends, 
jostling and scrambling just as they would ]ostle 
and scramble in any other trade or profession. These 
may be w'orkers, they may and do advance know- 
ledge, but they are never pioneers.” 

While engaged in purely scientific i>ursuits, Sii 
Oliver also devoted his lime to psychical researches. 
In the early eighties there vv.'is a great vogue ot 
exijerimenting with the so-called spiritualistic 
medium, not only amongst d’c laymen but also 
amongst distinguished scientists to whom the lay 
men looked for opinion and guidance. There w'cre 
individuals, men and women, who claimed that wdiile 
falling into a trance they could be in commiiiiioii 
w’ith spirits of the other world. Seances used to he 
held in celebrated centres of learning in whicli 
famous .scientific men participated to find out tlx 
truth (jf such claims. We find Sir Oliver also drawn 
into the wdiirl of occult research at this time. Jhit. 
while in course of the last sixty years there has 
been a general tendency amongst scientists te 
dissociate themselves from these investigations or, 
at any rate, not to commit themselves to any definite 
view regarding the nature of these phenomena, 
Lodge continued in his investigations and remained 
all along his life a staunch spiritualist. Wc find 
however, at times, his critical scientific mind asking 
pertinent (luestious and trying to interpret his ex 
pcriences and observations in terms of the laws oi 
the physical world. Thus, when a medium is foniu: 
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to lx* detected in fraud he says that it docs not 
necessarily follow that the inedinni has no psychic 
i>ower. He would rather believe that when the 
control is lax and the nicdiuni finds that it is easier 
to jiroduce the exi)ected effects by fraud than by his 
psychical power he is tempted to take recourse to 
dubious methods. Again, when lie tested the 
powers of the well-known niediuni Usapia Palladino, 
an Italian peasant woman, at the place of Professor 
Kichet, he was satisfied about the genuineness of 
the phenomenon produced, namely, bulging out of 
curtains without any apiiarent connection with 
I’sapia. He explained the phenomenon by saying 
that the medium liad the power of thrusting out a 
sort of extra arm having mechanical qualities. To 
bodge the spirit world was a matter of intense faith. 


This undoubtedly led '^inui- ..tp publish the famous 
work. My Son Raymond -lAfc and Death, 
embodying his experiences of the si)iritual sittings 
in which he believed that the spirit of Kaymoud, 
a young son ol his who had lost his life in the last 
great war, api>earcd and made his piesence felt. We 
are not in a position here to give any opinion on 
this aspect of the activities of Sir Oliver. He it .said, 
however, that his writings on this .subject, coming 
as they were from a man of his scientific eminence, 
found eager readers amongst the most intellectual 
lieisons and, what is more, had been a source of 
solace and comfort to thousands who had lost their 
near and dear ones, 

.S‘. K. Milra. 


HEALTHIER PLANTS 


Krom the Horticultural Department of the American Chemical Paint Coni])aii>' comes news of the 
(oiimiercial production of a vitamin hormone stimulant, Tran.splantone, for plants, that not only invigo- 
rates old roots but also multiplies the production of new ones, reduces the loss which frequently occurs 
ailh transplanting operations, and reduces wilting. It is applied to rooteil plants to add to existing root 
.Mowth and to force their general grt)wth. 

Transiilanlone is a water-soluble ixjwder impregnated with vitamin H, and other parts of vitamin 
1^1 fraction, plu.s root -promoting hormones. 'I'he hormone initiates root growth and plant physiologists 
;issert that the Vitamin B chemicals arc necc.s.sary for the maintenance of their growth. I'hat^ it is (pule 
coiiceiitratcd is obvious for it requires only one Icwel teaspooiiful to a gallon of water to make a. stock 
'•olntion which is then further diluted. Seedlings may lx lightly sprinkled weekly, or U may be applied 
t'> plants set out in the soil, whether they be trees, shrubs, vines, annuals, or perennials. In the 
rase of plants which are set out without a ball of earth, the manufactuur lecommends that the rtx)ts lx 
^(*aked in the stock solution for an hour. Treatment usually results in vigorous and extensive root 
growth and this, in turn, requires more frequent watering than is ordinarily neces.sary. 

The manufacturer further claims that, owing to fretiuent clipping, gra.ss is unable to produce 
rnough vitamin and hormone naturally for the roots and that watering with an ounce of stock solution 
t‘> three quarts of water will improve turf quality. So<ls similarly treated before being set iir place will 
readily form new roots. 


.Sfiriiti/ic Amerxean, 
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Ageing of Populations and its Consequence 

In liis i)rcsiduiili:il adiluss at 11 il* cviileiiaiy 
tvkbralioiis of ihc Aiiicncaii Statistical Association 
Prof. Kayiiioiid Pearl pointed out how in many 
civilized countries there is a marked tendency for 
populations to a^^e with time and how this has an 
important ])earini' upon the a.e.erc.i^ate l)ehavionr of 
those populations and upon the probable course and 
outcome of enterprises upon which the pei)ple 
embark as a whole. 

biologically the life cycle of man falls into three 
stages i)ru-reproductive, rei)rod active and post- 
rei)roductivc. l*eople in the reproductive phase have 
to do. the work not only to get their own livings 
but also the livings of the young and the major 
part of the livings of the old j)er,sous in the post- 
ici)roductive phase. From these considerations arises 
a three-fold age classification of 0-14 years, 15-4C) 
years, and 50 and above. About 50 p.c. of all 
poinilatioiis generally fall into 15-49 class but in 
the other two classes it varies largely. 'I'he ijopula- 
tion of India in 1931 had 39 9 p.c. in the pre- 
rciiroductive i)hase, 50'4 p.c. in the reproductive 
phase and only g'7 ji.c. in the post-reproductive 
phase, whereas in the same year the population of 
France had only ^2'g p.c. in the pre-reprodnetive 
pha.se, 51 ‘4 p.c. in the reproductive phase, and 25 7 
p.c. in the post-ieprodnctive phase. This shows 
how' the two ])opulatious are deeply differentiated 
biologically. , 

Whr is one of the significant forms of aggregate 
behaviour of a population, and a study of the popu- 
lations of the chief protagonisls in World War I of 
1914 and World War II of 1939 yichls useful 
infoi Illation. On the figures of igio-ii, Germany 
and Austria had resources of upwards of 64 millioit 
persons of whom 33 5 p.c. were iii the pre-reprodne- 
live phase, 5()'8 p.c. in the reproductive phase, upon 
whom naturally fell the burden of fighling and pro- 
ducing goods for the troops and civil population, and 
15 7 P-c. were over 50 years of age. Among the 
allies (France, Kngland, and Belgium) the corres- 
ponding figures w'crc a total • ])opulation of 87*5 


milliun.s, of whom 52 2 p.c. fell in the lighter-worker 
clas.s, in the under- 15 phase vveie 28 5 p.c. and over 
50 years about 19 3 p.c. At the outbreak of World 
W ar II the allies had total population resources of 
87 millions of whom more than 25 p.c. (as against 
ig p.c. in 1914) were of post-reproductive age. The 
lighter-workers show a decrease from 52’ 2 to 5r3 
p.c. and instead of 28 5 p.c. of youngsters coming 
of age there are only 23 0 p.c. The population 
resources controlled by Germany has a total of 90 
millions of which 53 7 p.c. (an increase over the 
1914 ligure) are in the lighter- worker phase while 
there are 22'/) p.c. in the older groui) and 23*8 p.c. 
in the group of youngsters. So far as population 
aspects of war are couceriicd the advantages and 
disadvantages accruing from that source have become 
reversed in the quarter of a century. Falling birth 
rates on one side and rising birth rates on the othei 
have been in the main re.spimsihle. Analysing the 
white population statistics in the United States in 
1840 and 1930 Prof. Pearl shows that while in i8/i<j 
each 1,000 worker had 1,984 persons, younger and 
older, to take care of, in 1930 each 1,000 supported 
only 880. The ever-increasing use of such devices 
as coulraception as adaptive procedures to ease the 
burden of ageing populations may make life easier 
for the present generation but there is the fear that 
in future there will be none to live. 


Improvements in the Electron Microscope 

I 

Drs L. Marton and V. K. Zworykin of the 
RCA Manufacturing Co., Camden, N. J., U. S. A. 
have developed a new electron microscope giving a 
total iise*ful magnification of ioo,OfX) diameters. The 
inslriiinenl employs three magnetic lenses, the 
optical equivalents of a condenser, objective and pro- 
jector. The first stage or intermediate image is 
produced by the objective at a magnification of 100 
diameters. This image is subjected to a further 
magnification of 250 by the projector lens which 
throws the final image at a magnification of 25,000 
on to a fluorescent screen for direct observation or 
f>Ti a photographic jilate. The photographic record 
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produces a further enlarj^emcnt of 4 diameters 
a total useful magiiTicaliou of 1 00,000 diameters. 
The tcclmiiiue of preparing specimens for examina- 
tion has also been carried to a stage where the 
instiumeiit is ready for use in a research laboratory. 
vSuch object as diatoms, viruses and bat'lcria which 
were far beyond the resolving power of optical 
microscopes have been brought under direct visual 
observation. The use of the instrument promises to 
vield much new knowledge about particles of 
colloidal dimensions. 


Index of Body Build 

Since Kretschmer emphatically and persistently 

directed attention to the correlations betw’ecn habit 

of Ixidy ami p.sychological and temperamental 

characteristics, the need for seeking a formula for an 

index of body build has been strongly fell by 

w<akers in the field. Various proposals have been 

made from time to time but none were found 

suitable as the human body from the geometrical 

j joint of view is a solid of extremely comnlex 

'iliape and is difileiill to express adetpiately by a 

simple nmnerical statement or formula. The 

tliflienlty lies in the fact that changes in the size of 

tlie body occur in all three of the fundamental 

lefcrence ])lancs of the body, ri-:., length, breadth, 

and thickness. .Xfter surveying the jmiposals 

Prof. K. Pearl suggests that the formula, Habitus 

, I too fclicst girlli + al'i1"’iiiiial inrllp 11 , 

Index oi / » 'vould meet 

Staliiiv 

fairly iiicst of the recpiiremeiits. b'videiitly the value 
• if the index would increase as we pass from tall and 
skinnv persons to short and stout persons, who will 
have the highest indexes. Another advantage is 
that the index involves only linear nieasureinenls. 
Moreover, all the three dimensions are detinilely 
located and biologically significant, by actual trial 
this index has proved to reflect in a .sensitive manner 
the difTeren'’cs between individuals in body build, 
and tln)sc in the same individual consooiient upon 
changes in his body build with advancing age. 


Automatic Distress Signals 

Tub rntenialional Marine Radio Co., Ltd., has 
devised a new type of safety flashing light ‘Raft-o- 
lite’, which has been approved by the Hrilish 
Ministry of Shipping. The arrangement comprises 
a battery and light in a watertight case, provided 
with a float. When floating it will always assume 
> vertical position and the light is automatically 
switched on. When placed in an inverted or 
horizontal position the light is not in use. A flasher 


is incorporated and this is designed to emit auto- 
imitic'illy the inlernalioiial distress signal, ‘S.O S.’ 
The A shing light after being automatically switched 
on will cunlinue for at least forlyeiglit hours. Tliese 
lights will be p:irlicularly suitable for oil-burning 
ships or ()il tankers, where oil floating on the surface 
of water makes it dangerous to use open flames. 


Coloured Photographs of the Inside of Human 
Body 

Si iaJKo.NS often use itistnuneiits to examine 
viMiallv the inlciiur of •iilTerent parts of the hiiinan 
body. ' 1 ‘hree Aniciicaii surgeons have now devi.sed 
an a! rangeiiiciU to take pliotogiaphs in natural 
colours of the interior of the human body by adapt- 
ing a miniatiuv colour camera to the exploring 
instrunicnts used l)v Mirgeoirs. 'Pliey iiaxe actually 
taken photc^graphs of the interior of the bladder by 
adtipting the caincMa to a cystoscoiie. With the help 
of exi)loring iiistrumetiis like the cysloscope it is 
possible to See inside the body cavities through a 
series jjf lenses arranged in a Ilexilde tube with a 
tinv electrical bulb at its end. It is also possible 
perform delicate operali< ns with instruments which 
are thrust through the tube and manipulated with 
the help of the light. Rut wdth these only the operat- 
ing surgeons could W'ateh the operation. The new 
pholographio method will make it possible to photo- 
gra])h the various stages of llie operation and 
demonstrate it to others. Another great advantage 
is that the various kinds of eancerous and other 
growths, iniuries and atones etc., can be photo- 
gniphed in their natural cohjiirs and llie.se may be of 
aid to physicians in idiailifving and treating them. 


New High Speed X-ray 

I)k C'liMv’i.KS M. S:,\c'K, research ])hysici.st of the 
W'estinghoiisc banii) Divisinn, .Ww Jersey, has 
deve’o])ed a ik*w ultra-high sliced X-ray lube that 
would make it imssible to lake photographs ’of the 
inner stnicliire of rapidly moving* opaijiie objects or 
of objects reacting to a smhicn external force or 
f)Iow. High sjieed i>hotograi)hy enables taking 
photos of bullets in air but the new device will 
make it possible to see what is hapiieiiing to the 
bullet ill its course, through wood or other hard 
opacpie substances. I'ngineers liope that the new 
device will enable machine and motor Iniilders to 
study internal .strains in rapidly moving parts. 
ITvcn rifle makers will he able to determine any 
slight defection of the bullet in its passage through 
the gun barrel. High speed X-ray tubes in use at 
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present permit exposure times of nearly r/ioo of a 
second wliicli is fast enoiifth for taking pictures of 
objects at rest. Hut an exposure of even i/iooo of 
a second would be far too long for high speed work. 
The new tube is designed to receive a heavy surge 
of current only momentarily, from a series of 
condensers. The current flows for only alx)ut 
1/1,000,000 of a second, creating X-rays, and the 
film also is exposed only during this extremely 
.short interval. 


Power From Uranium 

About ^^5 years ago iMiistein established the 
fact that mass aiil energy are (luantitatively related. 
If a suitable method could be found to annihilate 
one p(mnd of matter it would be po.ssible to obtain 
from it 10*'* kih)w att-hours of energy. The possi- 
bility was there and since then the search for a 
suitable process for this annihilation of matter or 
atom -smashing busiiu^ss or scientifically speaking 
transmutation of elcinetits has been attempted by 
scientists all over the world. Hut the economic utili- 
sation <)f* the energy released w'as out of (luestioii. 

'Phis situation has recently changed due to the 
discoxery of the peetdiar behaviour of the nature^s 
heaviest metal uranium (in the isotope 2,^s) under 
neutron bombardment. When uranium is hit by a 
iieiilron that enters its nucleus, the atomic weight 
becomes 2.^6 and it turns into a iion-slable exploding 
atom wdiich splits into two lighter atoms and the 
binding energy of the uranium atom to the extent 
of 20 o,ooo,(m:)o electron volts is liberated, Kcceiit 
experiments have definitely established that cmly 
one low-energy neutnm, slowed down by water, 
would behave like a trigger setting olT the energy 
liberation from uranium-235. This neutron also 
need not be supplied l)y any apparatus, but any 
neutron lilKaated fiom air by constant l)ombardment 
of Cosmic rays, and slow'cd dow'ii by passage 
throngli ordinary water wall serve the pun)ose. .All 
that is nee,es.sary t«) start Uranitini-235 liberate its 
energy is to place it in an environment of fudinary 
water. A neutnui liberated by Cosmic rays will be 
slowed down by water before it can hit the uranium 
atom. The atom will be split into two parts, lilxjrat- 
ing 2(x>,ooo,ooo volts of atomic binding energy and 
ill the process other neutrons will lx? liberated from 
the T^-235 atom. These neutrons slowed down by 
the w’ater will split other U-23S atoms. The pro- 
cess continues as long as there are atoms left and 
there are 2500 billion atoms per gram. 

The energy liberated troiii the atoms heals up 
the welter so that it turns into steam which can then 


be put to work. Very .small energy is required to 
bombard uranium-235. But the problem of obtaining 
uranium-235 in commercial (luantities and at an 
economic cost must be solved first. Commercial 
uranium is a mixture of three isotopes of uranium - 
o oof)% of the atomic wxMght 234, 0 7 a. «)f 235, and 
over QQ% of 23s. Attempts are how'ever already 
lieing made to separate U-235 on a large scale. 
Prof. Wilhehn Krastiy-Ergcn of Stockholm have set 
up 30 ft. thermal diffusion tubes wliicli have made 
possible an yield of 13 mgm. of U-235 pvr day. 
This would require afioul 3 years to get one gram 
of the substance. 

An idea of the tremendous amount of heat 
reVvi.sed by uraiiituii-235 can be bad from the 
foHowdng facts; one pound of uraninm-235 will 
give tit) 3” billion (37,000,0 0,000) H.t.u. on disinte- 
gration. Th\s heat is etinivalent to 1650 tons of 
Hengal coal (calorific vahie — lo.r'CK.) B.t.u. per Ih.). 
Assuming the heat cITiciency of 25% in 

modern steam power plants, this amount of heat will 
generate 2,’'oo,ooo kilowalt-hour by the existing 
niellinds. This would he enough to operate a 100 
horse power motor continuously at full load for tlirci- 
years. 

The best uranium ore is ‘'pilch blende” in 
which it is in the form of its oxide 11,0*, which is 
being used for many years as the commercial source 
of radium. At i)resenl there are ])ilch blende mines 
ill Western Canada, in Australia, in Belgian Congo, 
and in (lernrniy. There is some pitch blende 
tleposits in India in the province of Behar. The 
present price of uranium oxide is about Rs. 20/ 
per pound, and that of commercial uranium metal 
alxmt Rs. itx)/- per pound. 

It is very likely that the present central power 
plants will not be so much affected but considering 
its extreme concentration of energy, uranium-235 has 
ail immense i)ossibility as the future fuel for tlu 
powering of the aeioplaiics, automobiles, ships, etc 
With no improvements in the present conversion 
efficiency a car that runs 15 miles on one gallon f)l' 
petrol would run alH^ut four million miles on oik 
l)ound of uranium- 235. But the technique is yet 1“ 
1)0 developed. 

.V. K, S. Cr. 

Announcement 

Mr M. vSw.vmin.vthan, M.Se., chemist, Nulii 
tioii Research Lalxiratories, Indian • Research Fund 
Association, Coonor, has been awarded the D.vSo., 
degree in chemistry of Madras University, 
his thesis "Nicotinic Acid and its r6le in Nutrition’ 
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Mixtures of Staple Fibres with Indian Cottons 

With the coinpanitivcly rcceiil dcveloinncnt of 
staple fibre -cut filaments of si)ecifie(l leii^tth, 
diameter and denier -leading to its Ixdni* spun pure 
or blended with cotton, wck)1, etc., on the existinj^ 
machinery! the textile iiidn.stry has been olTered an 
I xcelleiit material for i)roducin.i; an almost nnlimited 
variety of yarns with novel characteristics. It has. 
lor instance, been used in the manufacture of fancy 
j)lyed or creiie yarn, in hosiery ‘»oods, in union 
fabrics in which contrast effects have been produced, 
in imitation of lit’bl worsteds etc. The demand for 
llie.se fibres has been inereasin.e so fast that within 
llie last decade their world consumption has risen 
from a bare o million to i,ooo million ])oitnds. The 
Indian mills aie eviiiciii,q consideralde intcre.st in this 
new material and in the wide iiossibililies it may oi>en 
up for iiroducin» novel and atlraetivc fabrics when 
mixed with cotton. At the 'rechnolo(u:icnl T.abora- 
tnrv of the Indian Central Cotton Committee experi- 
iiielils have been nndertiikeii to study the spinnini; 
«!iialily of mixtures of Indian cottons with suitable 
staple fibres. Some preliminary work done at the 
baboratorv i^ave iiitercstin.^ results which were 
published in a bulletin. Recently more detailed 
^ludv have been made, especially of the optimum 
conditions for spinninj; mixtures of staple fdw, 

I Of/' and r5 denier, with three Indian cottons, 
Jiiyawant, Cambodia Co. 2 and Sural 1027 A.T<.K., 
in which the proportions of staple fibre were ro, 15, 
-J > and per cents. The pure staple fibre, the 

cottons and tlieir mixtures were spun with different 
inist mnltipliers and drafts in order to investij^ate 
tile effect of these important factors on the 
■^1'mnin.u: behaviour of the material and the quality 
‘*f the yarns. 

ft has been found that liiji»her twists and lar.i'er 
l'0)portions of staple fibre tend to reduce the dry 
> ni strength, while with lower twists the addition 
•>1 staple fibre up to 20% improve the yarn strength, 
llie wet strength decreases progressively with 
'li* 'lease in the proportion of sta])le fibre in the 
'"’xtures, while the elasticity of the yarn increases. 

the lower pro])ortions Of staple fibre the dry 

5 


strength is very nearly e»iii:il to the wet strength, 
while the wet count work product is always higher 
th.'in the dry count work product, h'lill details of 
this work will he ])ublished in a bulletin. 


Jute Research and Universities 

kiCM.lSiNO the imporlaiicc- of carrying out 
research 011 jute in the closest touch with other 
branches of scientific research, the Indian Central 
Jiile Cranmitlee ha\e decided on the ])olicy of colla- 
boration with the Universities of Calcutta and 
Dacca .'iiid to co-opt some professors of these 
universities on its Technological and Agricultural 
Research S\d)-Conimittce. It is interesting to note 
here that in course of oiir review of the Report of 
the Imperial Council of Agricultural Research in 
the July, i()4() issue of this jtmnial entitled “Agri- 
cultural Research in India” we commented on the 
lack of co-operalion between the Jute Committee 
and the Cniversitics at Daiva and Calcutta. We 
are glad now that steps are being taken to nlilise 
tile university laboratories for industrial researches. 
The immediate objects of collalioration are primarily 
two-fold. First, the Committee thought that the 
university scientists, many «)f whom were perhaps 
working on simil.-ir lines, might offer valuable 
advice on the work that was being done in llie 
Committee’s Resc.ircli vSeetions. Kven if their 

immediate work might bc‘ different from the investi- 
gations undertaken by the different tcclinical .sec- 
Jlions of tlie Committee they felt that their *familiarity 
witli the basic scientific methods and processes 
might be of considerable help anil value to the 
Committee’s research workers. Secondly, the 

Committee were inclined to think that the universi- 
ties, on their part, could also further their aims and 
objects by undertaking fundamental research on a 
number of subjects for whicli th(*re was not, and 
indeed could not be, any room in the programmes 
of work laid down for the different sections of the 
Committee. Such fundamental investigations might 
lead to results of far-reaching consequence which 
miglil be of abiding benefit to the jnte industry of 
this country. 
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Indian Material tor a Harmless Dye 

Kamaka, an orangc-rcd powder consisting of 
niiiiiile red glands and hair of the fruit of an ever- 
green tree Mallotiis, may have a synthetic dye 
induslrv t>f her own, following investigations at 
the Forest Research Institute, Dehra Dun. As a 
dye, it is used for imparting ti> silk and wool a 
bright orange or llanic colour. The tree is common 
in the rnited Provinces and occurs in profusion in 
Heiigal, Ponibay and Orissa. The ripe capsules are 
gathered in February or March and the powder is 
collected either dry, by shaking the capsules in a 
bag, or wet, by stirring them in water and collecting 
the sediment in the form of cakes. Kamala has been 
used as a dye and an anthelmintic in India for 
centuries and has been exported to luirope and 
America for the same purpo.se for a long time. 
Lately owing to high adulteration there has l>een a 
setback in the export of this product. 

'Pile exiieriments at the Institute show that 
Kamala, when proiierly prepared, should not only 
find favour with the foreign imiiorters once again, 
but it can also Ik* profitably utilised in this country 
for a Variety of |)urp()ses. The colouring matter, 
being soluble in oils and fats, could be employed for 
colouring liair oils, butter and its sub.stitntes and in 
the form of its water-soluble sodium or ammonium 
salt, for colouring aerated waters. 

In India foodstuffs are often deliberately 
coloured, but India is not yet producing synthetic 
dyes, all of which have to be imported, and there- 
fore any suitable vegetable raw' material for the ex- 
traction of an edible dye would find a ready market. 
In the United Provinces alone alniut i,(xk) maund.s 
of Kamala is collected annually, and the whole of it 
could be converted into dye and made available for 
colouring silk, waxd, oils, fats, food materials, etc. 


Marketing of Jute 

Ttik *first report of the Marketing DepartmeiA 
of the Indian Central Jute Committee has just been 
issued. It confirms the general opinion that the 
present jute forecasts have proved of little practical 
value in providing for correct estimates of acreage 
and outturn. 

The report is the result of intensive eiitiuiry in 
2b jute growing di.stricts. Starting with a conci.se, 
but complete, de.scription of the pre.seiil system of 
crop fonJeasting, the report proceeds to examine at 
length the various stages through which the fibre 
I>asses from the grower to manufacturer or shipper 
as well as the details of the. marketing organistition 
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and the methods of buying and selling that an. 
follow ed at all. these stages. 

The enipiiry has also established that, during thi. 
season, 1937-38, growers sold 75 per cent of their jut^ 
in villages, 20 per cent, in hats and only 5 per cem. 
in baling centres. The early sales and the dispose i 
of Ihreefourlhs of the crop in villages are altribut^d 
mainly to the lack of growers’ holding pow'er, 
well as to the prevalence of various market allow 
ances and deductions, difficulties of rural transport, 
and dearth of storage facilities for growers in llii 
markets. With a view to establi.sh direct contact 
l*etween producers and consumers, it is reconunendcil 
that regulated markets, licensed warehouses, ami 
co-operative Jute v^ales Societies should Ik* startcil 
(fir.st as experimental measures) in villages, asseiii 
bling centres and in Calcutta. The alxdition 1)\ 
legi.slalion of the existing market allowances has aLo 
been recoiiimeiided. As the Side of jute in a cotn- 
pletely unassorted condition, at all marketiiic 
stages up country, has led to the underestimation nl 
cluality by buyers, the universal adoption of sales hv 
assortment and the introduction of grading in villages 
has been recommended. A i)rice .structure, which is 
an analysis of the various costs incurred on tlii 
movement of jute from villages to Calcutta, reveals 
the interesting fact that the growers, on an avenigi-. 
received a little le.ss than Si jier cent, of tlie Calcutta 
landed price of jute in October, 1937. And out nl 
the remaining rg per cent., 10* i per cent, was spent 
on handling and transportation, 3 per cent, w’as paid 
as market allowances and 6 per cent, was absorbed 
as .standing charges of kutclia balers, ft is also 
recommended that tlie classification and grade nl 
jute should be fixed on sciemific ba.sis and experi 
lueiits should be undertaken for the determinatinii 
of the natural moisture in jute. 

Industrial Researches at Forest Institute. 

Nhari.v five tons of a wide variety nl 
papers writing, printing, typing, wrapping, 
new'sprint, drying, cover and brown papers 
and mounting boards were made in the expe’i 
mental factory of the Paper Pulp vSection at tin 
Forest Research Institute, Dehra Dun. Of tlusc 
about three tons were supplied to various Govern 
meiit institutions, besides i.too lbs. of pulp suj)idi(d 
to the Archaeological Survey of India for use in tlu 
pre.servation of monuments. On paper made at tb*^ 
Institute w^as printed the latest annual report <11 
fore.st research, about which a note was pnhhsli d 
in the last issue of this journal (p. 163). 

Researches are being continued on the inaii' 
fact lire of wrapping pa]>er from raw materials as’nd 
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tl)le in Indians forests. Paper has ixien made both 
in the laboratory and at the factory from uUa 
sulphate pulp alone, and from mixtures of ulla 
sulphate pulp with chit sulphate and cliir mechanical 
i)iilp. By grinding chir {Pinus lonf(ijolia) and hcndi 
Kydia calycina), attempts are being made to 
prepare mechanical pulp for the jiroduction of cheap 
\\iapi)ing papers and newsprint (piality of papers. 
A fairly satisfactory tpiality of newsprint has lieen 
made from a mixture of bendi mechanical pulp and 
l)ainl)oo chemical pulp, and studies are being con- 
tinued on the i)roduction of niechaiiical pulp from 
hcndi and other soft woods. 

With a grant made by the (lovenment of the 
Tnited Provinces, studies have been made of the 
possibilities of improving paper making processes, 
>o that hand paper-making can Ik* carried on as 
[{ cottage industry. W’riting i)ai)ers and env'elopes 
(white and coloured), drawing i>apers, blotting 
pnijcrs, cover pa])ers, wall i)apers, greeting cards, 
etc., have been made out of raw materials such as 
tailors’ cuttings, paper cuttings, bamboo and grass 
pulp, etc. Other raw materials available in or near 
the villages will also be tried. 

Another interesting investigation now being 
carried on is that for finding suitable Indian timbers 


for the construction and repairs of aircraft. Cypress 
from (larhvval in the green condition, gave encourag- 
ing results, but the timber seems to become brashy 
during seasoning. In a timber structure the joint 
forms the weakest link, and an investigation was 
started to develojj pro])er methods of making joints. 
It has now* been found that the incorporation of a 
small piece of bainlxx) ring, costing practically 
nothing, in the joint more than dou])les its load- 
carrying capacitv. hnrtlier tests are proceeding. 

Ideiitilicatons of timbers form a routine 
work at the Institute and the total number 
of timbers identified during ig.vS-,^c) was about 
.too. Among those who benefited from the 
assistance given b\ the Institute were the 
different railways, the Defence Department, 
museums, the Meteorological Department, jute mills 
and various indn.stries which use timbers in some 
form or other. On an eminiry from tlu* Meteoro- 
logist, Upper Air Observatory, Agra, a .sample (jf 
imported wood reported to be a gexx! thermal in- 
sulator, has been identified as balsa {(h'lironui sp.) 
of Central America. Sujit {Cryptomciia iajyonicn) 
from Bengal and ])angra {luytfiritui subero^a) from 
the United Provinces were recoiinneiide<l for trial 
as Indian substitutes. 


Leather Industry in Bengal 


B. M. Das 


Superintendent, Bengal Tanning Institute, Calcutta, 


Lkathkr industry consists of making leather 
tiom hides and skins and manufacturing useful 
articles of leather. It has four main branches, viz., 
t'lllection of hides and skins, tanning, shoe making, 
and manufacture of other leather g(K)ds besides 
“'lioes. Kach of the.se is .sufficiently big in scope to 
an industry or trade by itself. 


Hidk .\nd Skin Tr.vdk 

Bengal produces chiefly cattle hides and goat 
ins. Buffalo hides and sheep skins arc available 
a les.ser extent. Besides the hides and skins of 
’•'^‘se domestic animals, there is ciuite a large supply 
‘'t skins of such reptiles as lizards, snakes, pythons 
nal crocodiles. The estimated annual value of raw 
indes and skins produced in Bengal is alwut one 


and a half erore of rii|»c-L-s approximately made up 
as follows : 


Cattle hides 
Buffalo hides 
Croat skins 
Sheci) skins 
Reptile skins 


\nnihci ,)i 
twicers. 

bo'50 lakhs, 
I Si ,, 

LS’io 
a'2o ,, 

'IVilal .. 


\’alue in 
inf'ccs. 

I JO lakhs. 
10 ,, 

US ,, 


154 lakhs of 
rupees. 


Besides these indigenous hides and skins of 
Bengal, large quantities arc sent to Calcutta from 
the Punjab, V. P., . Bihar, C. P., and Assam. 
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Calcutta is the l)ij;Rcsl market for raw hides and 
skins vvheie purchases are made by tanners of 
Calcutta, Madias, Cawnpore and by hide and skin 
ex])ortin.e tirms which have their offices in Calcutta. 
So allhoiiKh Hen.L»ars own production of hides and 
skins is worth a little over i ;■> crores of rupees the 
total trade in liides and skins in lleimal is valued 
at alKHit Ks. 4.^4 crores annually. The total trade 
is tabiiatcd below ; the li.eures are for 


Kxport to foioiKU countries 

Madras 

Cawnpore ... 

Taniieil in Calcutta ... 


Us. 470 lakhs. 

.. gt>‘5 ). 

.. 1‘5 M 

if 53 / »» 


It will be seen from the above fiKnres that of 
the total raw hides and skins disposed of in Calcutta 
12 per cent <inly are locally tanned. 

(looil deal of work is involved in the hide and 
skin trade and a large number of people are engaged 
in it. The work consists of flaying, curing and pre- 
servation, collection from producing centres, des- 
patching to principal markets, grading and selling 
to customers. In case of hides and skins exported 
to foreign countries further vvork has to be done, 
such as cleaning, trimming, grading according to 
exporter’s standaids of assortment, baling and 
shiijping. M(>st of these works are technical in which 
considerable Sidll ami experience are necessary to 
carry them out efficiently. 

Flaying is the first operation. AlK>ut 80 per 
cent of the cattle and biilTalo hides of Bengal 
are derived from animals that die a natural death 
from old age or disease. The carcases are usually 
flayeil by village clianiars and the hides arc, in many 
instances, their perquisites in return of the labour 
inv(dved in the disposal of the dead body and its 
flaying. The chamars are on the whole skilful 
flayers aiul the hides from dead animals are usually 
taken oil w'ithout being damaged liy cuts and scores. 
[11 cities like Calcutta and Dacca a number of cattle 
are killed in slaughter houses for meat. These hides 
are flayed* by professional butchers. I'liey pay more 
attelitioii to the meat than to the hide and in doing 
so invariably tfamage the hides by cuts and deep 
knife marks. The Indian Marketing Board is trying 
to imr)royo flaying at slaughter houses by paying 
bonuses tt) butchers frir good w'ork. 

If hides and skins cannot be put to tanning 
firoccss within 12 to 24 hours of flaying they 
must be preserved from rotting and decay until 
they can be tanned. In most cases it is not 
j>ossible to tan hides :.nd skins so soon after 
flaying as tanneries arc far away from centres 
of collection f)f hides and skins and are often in 


foreign countries aiul consequently .several months 
usually elapse before they can lx; put to the tanniii;. 
process. Ihe process of preservation is tcchnicall\ 
called curing ot which there are difTereiit methods. 
In the dry up-country centres of collection the hide, 
and sKins are simply dried out in the air. Cattk 
and bulTalo hides of iietter (luality are stretchet! 
lengthwise on wooden or bamboo frames and dried 
out in the stretclied condition. These are called 
“P rained hides' ’ in the trade. The inferior hidis 
mostly deriveil frtmi ilead cattle are dried out simply 
by spreading them on the ground. t)n. drying tluM 
hides shrinic and crumple up and therefore they aiv 
known ill the trade as “crumpled”. On account ol 
the long rainy season and the usual humid climate 
of Bengal curing by air drying is not possilile in 
this province, in Bengal, hides and skins which 
have to be preserved long are cured by a special 
process called “Dry salting”. This consists in 
spreading the hides and .skins on the ground flesh 
side up and applying a solution of a saline earth, 
khari salt, 3 or 4 times with intermittent drying. 
W hell the hides and skins are siiflused with this 
saline preservative, they are filially dried out. These 
are known in the trade as “dry-salted stocks”, 
floods of both the alxivc two cures (air-dried and 
dry-salted) arc meant for export overseas. The air- 
dried hides which are also called “r lints” arc 
ar.seiiicated (dipped in a solution of white ar.senic) 
lx*fore shipment to prevent ravages by moths and 
insects tliiring transit, float and sheep skins foi 
export arc mostly dry-salted and to a very small 
extent air dried. 

For local tanning green hides and skins, 
the hides and skins just aftei flaying are prefened 
Blit if there be delay in .seiuling them to tanneries 
they are ijre.scrved by the aiiplication of cominoi] 
salt on the flesh side but are kept in wet coiiditmn. 
These are known as “Wet salted” hides and skin^. 
They keep sound only for a short time (from 6 l‘> 
8 weeks) and therefore this proce.ss of curing 
follow’ed only in the case of goods meant for tannin.^ 
in India. 


TaNNINc; iNDU.STRV 

The main function of tanning is to coiivt-ri 
the perishable raw hides and skins into a non- 
Iicrishablc substance which is called leather and tn 
dress up this leather in a number of ways to inal^- 
it suitable for tlie various uses to which leather k 
put. 

P'ach variety of hide or skin is adapted to tic 
manufacture of a particular variety or a number ‘d 
varieties of leather depending on its base 
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c'haractcristics. For instancL*, a thick hard leather 
leiinired for soles of shoes can only be made in this 
country from a buffalo hide which is naturally thick 
while a thin and soft leather for a wallet or money 
purse has to Ik* made from a sheep skin which is 
thin and pliable by nature. Between these two 
extremes there are several varieties of leather which 
are commercially reipiired and there are also raw 
hides and skins of suitable basic qualities for 
inakiniii them. In Bengal we have got the full range 
of raw hides and .skins from the thick buffalo hide 
to the thin sheep skin which may be t»rovided for 
nearly all varieties of leather in use. 

Tanni N( ; Math r i ai.s 

Commercial leathers in Bengal are manu- 
factured mainly by two different proce.sses of 
tanning, the vegetable and chronic. For the former, 
vegetable substances, c.^^, barks, fruits, wood, 
leaves etc., containing an astringent material 
known as “Tannin’* are employed. These are called 
the vegetable tanstuffs. In Bengal, barks of babul 
and goran and myrobalan nuts are principally used. 
Barks of sonali, avaram and wattle are also 
occasionally taken recourse to. 

liabul bark (Acacia arabica) produces a good 
leather which satisfies not only popular taste but also 
llie specification for leather required by the military 
ilepartmeiit of (lovernmeiit of India. Buffalo 
liides for sole leather, and harness and stiddlery 
leather for military and civilian use, cow hides 
for .suit cases, straps etc., are tanned in large quan- 
tities with this bark in Northern India, in the up U» 
(late as well as in the .small cottage tanneries. The 
total annual consumption of this bark in Calcutta 
alone is more than one lakh maunds. Out of this 
only tw’enty three thousand maunds are produced 
in Bengal while the balance is imiiorted from the 
Bunjab. This import could be stopped if the Ijark 
were collected in Bengal. 

Ooran hark (Cetiops roxburghiana) is exclu-, 
lively a Bengal product. Goran belongs to the 
^l>ecies of plants collectively known as mangroves 
;iud grows extensively in the swamps of the 
Siindarbans. I^arge (luantities of goran logs are 
felled every year in the forest and are brought to 
Calcutta with bark on. These logs arc stacked in 
die oi)en timber yards along the Bclliaghata Canal 
hi Calcutta exposed to rain and sun. The rain dis- 
‘•olves and washes off an ai)preciable proportion of 
lannin of the bark, and the tannin of the rain-soaked 
hark also ferments whereby it is partially decomposed 
Old discoloured. Tit is bark stripped from the logs 
sold to Calcutta tanners. About two lakh maunds 


of it are annually coii.siimed by llie local tanneries. 
Carefully cf)llected siimples of goran bark have been 
found to conlain alxmt per cent laiiiiiii whereas 
Ixizar samples do not give more than jo per cent. 

It will thus be seen that for the faulty method of 
collection and stacking of goran logs in Calcutta the 
bark loses much of its tannin content and tanning 
jiroperties. 

Although singly goran bark does not produce 
good leather, it may be ii.sed with other tanstuffs 
such as babul bark and myn>balan.' with advantage. 
This material is not only rich in tannin but is also 
very clieai). It is .sold from 0-8-0 to 0-12-0 annas 
l>er maund (i maiind —82 lbs.) whereas the price of 
babul bark is from i-S-o to a maund. 

Besides, the goran tannin penetrating the pelt 
quickly shortens the i)erio<l of tannage. 

Myrobalans (Tcrminalia vhebula) is purely an 
Indian product and used by tanners all over the 
world. India enjoys a monopoly of this material. 
The value of its annual ex^jort amounts to about 50 
lakhs of rupees. The quality of myrobalans differs 
greatly according to the place of origin. The best 
grade myrobalans arc obtained from the Madras 
ITesidency and are known in the trade as “Salem** 
myrobalans. Central provinces produce large, quan- 
tities, w'hich are distinguished as “Jubbulporcs**. 
Madras myrobalans arc wholly consumed in the 
tanneries of that province while Imlk of the C. P. 
product is exported. Myrobalans are produced in 
Bengal but the (luantity is .small and the quality 
not very high. Besides the local products, myro- 
balans are imported from Ma>’urbhanj, Giridhi and 
C. P. to Calcutta. The local tanners consume about 
90 thousand maunds of niMobalans valued at 
1,25,000 rupees annually. 

bseil singly myrolxilaiis do not produce good 
leather but they are invaluable as a material for 
mixing with other vegetable tanstuffs on account of 
certain characteristics they pos.se.ss. 

Avaram bark (Cassia auriculata) is iui important 
tan stuff of India. It grows wild in South India and 
Rajputana. Avaram bark is at, present n.sed by 
tanners in the Madras Presidency in the half tanning 
of goat and sheep skins for export but in the Bombay 
Pre.sideiicy cow’ hides as well as sheep and goat 
skins for exi)ort are tanned with it. In the half 
tanning of cow hides and buffalo calf skins for ex- 
port the .Madras tanners now' use wattle bark im- 
ported from vSouth Africa although at one time 
avaram bark was in use for this purr)ose. 

Wattle l)ark (Acacia moUissima) contains tannin 
from :^o to 45 per cent averaging alx)ut 34 per cent. 
The cultivation of this species of wattle for the sake 
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of its bark is one of the principal iiulnstries of South 
Africa. Jt ts an excellent tanning material which 
is now used praclicaliy by all leadinj* tanniiij^ 
countries of the world. Recently the War Supply 
Board of ( lovernineiu of India has purchased jyi 
thousand tuns of this bark worth alxuit Rs. lo lakhs 
to keep a reserved sUx'k as a safeRUard aj^ainst inter- 
ruidioii of or delay in iiniKniini’ the bark due to the 
present war conditions. Cultivation of wattle trees 
in India for its bark deserves special consideration. 
.Icaciii niollissiniii has been found U> .erow' on the 
.\il.eiri Hills at an altitude of about 70)0 ft. from 
the sea level. The forest department of Madras 
tried its cultivation near KcKlaikanal. Wattle trees 
also occur in Travancore. The bark from these 
trees was found t«) contain ,^5 to /jh i)er cent tannin 
w'hich compares favourably with, the averai;e tannin 
content of the vSouth African bark. Commercial 
plantation of wattle should, therefore, be vij^cn'otisly 
pursued in Madras where it has been jiroved that 
the trees can erow. The jKxssibility of its planta- 
tion in Beniijl mav be investi.uated. 

Si Htili hark {Cassia fistula) contains lo to 12 
per cent . tannin and used in Helical to a certain 
extent. Sonali trees hi a few places in the 

l»rovince but the bark is not collected oil a large 
scale.' When re(iuircd commercial supplies are 
«)btained from South India where it is known as 
konam. In Calcutta it was once used to a fairly 
large extent iti tanning lizard skins for export but 
with the decline of this trade consumption of sonali 
bark was considerably reduced. Its use appears to 
be reviving again since the outbreak of the present 
war. 


MiNOK T.^NSTUFI'S 

Besides the above, a number of minor lanstufTs 
are used in the villages in crude simall scale tanning. 
Some of these are barks of ashan, mango, sal, guava, 
dahua, jam and amlaki leaves etc. Use of these 
materials does not extend beyond local areas and 
they cannot be exploited on a commercial scale as 
their supply is not adequate and regular and leathers 
produced by them are not of the a])proved com- 
mercial standard. Besides the above certain tanning 
materials occurring in the Sunderban forests have 
been examined at the Bengal 'ranning Institute and 
found to contain such ]>ercentages of tannin as 
would make them suitable for use as tanstuffs. 
Although 1hc.se unexploited tanning materials are 
not yet really wanted by the tanning industry they 
arc nevertheless i>otential restiurces of the province 
and may pn>ve valuable in emergency. 


Othkr T.anninc; Materials 

In modern tanning practice, tanning extracts 
are being used in increasing (piantities because the>’ 
offer several advantages. In Bengal their use has 
commenced. At present mimosa extract imported 
from South Africa, quebracho extract imported from 
South America and Uxally manufactured myrobalan 
extract are used. Myrobalan extract manufactured 
at the Raneeg Huge factory is also exi)orted to 
foreign countries. 

A large number of chemicals, dyestuffs, mor- 
dants, fat an oil preivirations, leather finishing 
materials such as gums, mucilagenous substances, 
w'axes, gelatine, albumin, pigments, polishes and 
lac(iuers are used in the tanning industry. A few of 
them are hKally inodiiccd but the majority are 
imported. The principal chemical u.sed in chrome 
tanning is bichromate of soda. It may be produced 
locally from chromite found in »Singhbhiim districl 
and other places in India. Among other things 
necessary, sodium sulphide and coal tar dyes deserve 
special mention. Manufacture of these chemicals 
and dyes in India is of national importance 
Although they reipiire investment of a large amount 
of capital and big organisations it is e.s.seTitial that 
these industries are started in the country as earl\ 
as possible. 

Modern T.xnninc, in Bknc.m, 

The Western processes of tanning to maiiufiii- 
ture those types of leather which sati.sfy modern 
tastes and requirements, have been introduced in 
Bengal l)oth by private enterprise and through 
(government help. 'I'he Bengal Tanning Institute 
under the Industries Department, has contributed a 
lot to foster the growth and develo])ment of the 
tanning industry in Bengal on modern lines. Ihe 
princii)al chrome lanning centres in India are 
Calcutta, Cawiii)ore and Madras producing annuall> 
under normal trade conditions 15%, and n 

million .square feet respectively of chrome sIkk 
upper leathers. It will thus be seen that Calcutl:' 
is the largest centre of chrome tanning in India. 
The principal varieties of chrome leather manu 
factuivd in India are the folU)wing : — 

.1. Chronic shoe upper leathers. 

(i) Box and willow sides made from cow hide*'. 

(//) Box and willow calf from calf skins. 

(Hi) Chrome Patent leather from cow hides. 

(it) Glazed kid from goat skins. 

(t) Glazed sheep skins. 
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li. Shoe lining leather. 

(vi) Natural clirome sliccp skins. 

(\ Chrome sole leather from buffalo hides, 
{vii) White chrome sole leather. 

(viii) Waxed or proofed sole leather. 


passed student of this Institute is now maiuifacturiiiK 
this leather on a commercial scale. The (luality of 
the leather is gofxl and it commands a ready sale. 

Alum dressing is used in the dressing of 
skins of such wild animals as liger, leopard, deer 
etc. sent to the taxidermists by shikuries and others. 
Taxidermy is fairly well done in Calcutta. 


D. Industrial leather. 

(i.\) Chrome picking bands from buffalo hides. 

{.%-) Chrome lace leather from light buffalo or 
heavy cow hides. 

Among these the first named, /.«*., Imjx and 
willow sides, represent bulk of the production both 
in volume and value. Alxmt .1 years ago the total 
average annual output of this leather in India was 
alK)ut 32^2 million siiuare feet valued at alxntt 
ks. ()oX lakhs. The development of the manufac- 
ture of this chrome leather in Calcutta during the 
last 25 years has Ix'di idictiomeiial. About the year 
i()i.4 not more than lakh sijuarc feet of this were 
yearly manufactured in Calcutta. The inesent out- 
put is atK)Ut 15 million .square feet annually, an 
increase of roo times. At t^resent on account of the 
iinjirovement of (piality, Calcutta’s l)ox sides ami 
box calf are being freely sold in large (piantitics not 
only all over India and in the export markets of 
Hurma, Strait Settlements, Iraq, Cyprus, Africa but 
also ill the United Kingdom, in competition with 
similar leather produced in I\uroj»e and America. 

Since the Ottawa Agreement of 1032 an export 
trade in Indian chrome upper leather, chiefly 1 k)x 
sides and box calf, has developed. The peak of this 
export trade was readied in 1037 when ii'yrA 
million sq. ft. of these leathers valued at 
ks. 54ii3,5^^ were ex])orted to England from India. 
I'hc chrome tanneries in Calcutta had considerable 
share in this trade. At present a number of these 
tanneries are engaged in this export business. The 
Bengal Tanning Institute by its researches and train- , 
ing has contributed considerably to this develop- 
ment. 

The Bengal Tanning Institute has also worked 
out a process for the nianufacUire of a superior type 
'>f sole leather from buffalo hides by pit tanning. 
Besides this leather no other varieties of improved 
vegetable tanning are as yet manufactured in this 
!*rovince. 

The manufacture of chamois leather from goat 
^kins by formaldehyde and oil tannage was intro- 
luced in Calcutta chiefly through the experiments 
‘inducted at the Bengal Tanning Institute. A 


MARKKTl.Nd ni' blCVniKK 

.Ah already htaleil, leathers produced in Bengal 
are sold in India and also exiiorted abroad. Por 
the Indian market as well as for markets in the 
overseas countries like Burma, Strait Settlements 
and Iracj, the distribution is done through Punjabi 
leather dealers. 'I'hey purchase from the tanners 
and sell the leather in the markets. \ very small 
proportion of the leather is .sold by the tanners 
directly to the shoe makers and other consumers of 
leather. 

Some of the large tanneries have their own 
sales organisations, and those who have middlemen 
as their selling agents can manage to control them 
so that they may not go against their interest. The 
real difficult v is wath the small tanners. The middle- 
men exidoit their weakness and the small tanners 
are often forced to sell their ])rtKliicts below cost 
and are thus eventually ruined. Organisation of 
co-operative sale and suptdy societies among small 
tanners offers a .sidulion of this ]>roblein. Such side 
.societies should undertake selling of Bengal leathers 
not only in India Inil also in other principal markets 
where those are sold. 'I'hcse societies will be able 
to do away with the middlemen as well as con- 
signment sales in England. 

SllOK iNDlT.STkV 

The leather shoe industry in Bengal has 
developed to the extent of having an annual out- 
put worth more than a crore of rjuoees. But 
as yet imt mf>re th'm 20^/, pconk* of the pro- 
viii^'c u'car shoes. With the spread of education 
and rise in the standard of living shoe wearing and 
demand for leather shoes wdll gradually incre.ise. 
To meet the growdng reuuirements of this province 
alone the industry wdll have to be considerably 
expj'iided. It may also manufaf'ture shoes of a 
suitable (Uiah'tv for cvport and sale in the overseas 
markets. Thus there is a veiy big .scone for the 
development of this industry in the province. 

Another line of develoimient wdll be manU' 
facture of military and police lx)ot.s. As yet there 
is no establishment in Bengal in which this line of 
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work has taken ii]). For the tnaiiufacture of 

army and police lK)ots and shoes the factory must 
he e<iuipi)cd with inf)dern machinery. 

As yet the share of the Hengaloes in the shoe 
industry of the province is very small. The 
Hen^»ali leather w'orkine caste, the risliis, havitm 
lost all j^rit and stamina due to poverty have to a 
very lar.L»e extent ).>iven it]) slu)e making? and leather 
W’ork. The niiddle-dass Hengalee con.sidcrin^* it 
ileroj'atory to pursue shoe making as a profession 
have always lookeil down upon it. So there was 
practically none in Rental to seek a share of this 


gnnving industry of the province. It was only after 
facilities w'ere oflFered for training in the craft with 
the establishment of Boot and Shoe and I^eather 
(loods Making I)ei)artmenl of the Bengal Tanning 
Institute that the educated lUiadrolok youths of 
Bengal were attracted to this line of business. At 
present the trained students of the Bengal Tanning 
Instittite are holding a small share in the present 
shoe industry of the province. 


' .Xdaplcvl fnmi .1 U‘ctuiv ilrlivcreil at the CaK'iiltii 
Corporal inn t'niiiinercial iMiiseiiiii on julv 20, 1940. 


ERRATA 

In the article entitled, 'Artificial h'ertilizers in Indian Soils’, imblished in the last vSeptember issue, on 
p. CiO- plea.se read the sixth line from the Indtom of the left column as “2,000 tons per anmim are manu- 
factured, according io Sen ('tuj>ia ( ti^.fo), by xMessrs.” 'Bhe italicised portion was left out. 

In the same issue, in the article entitled, ‘India’s Industrial Waste: Fu.sel oil,* in Table III on 

p. 171 in the third column read the figure for ethyl alcohol from Cawnpore Distillery (IbB.) as 0*57 instead 

<\f 5’57- 
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Traininj^ of Public Health Officers 

Thk aiiiiii.'il report of tlie All-India Iiisliliilc of 
Hyi’iunt* and Public Health for the year iQ^g reviews 
modern trends in the training of imhlie health 
odicens. Current thou>*ht is increasinj^ly, throuj^h- 
out the world, attaching a much wider siKuificance 
to the functions of public health. These now iini>ly 
a study and control of all factors which aflect the 
liealtli of the coiiiinunity. Medical measures alone 
are insufficient to ensure that the comminiity has or 
attains a normal standard of health. 

The function of investigation and trainini; in 
public health is the development of the most efficient 
and practicable methods of scientific medical protec- 
tion through organized community effort and the 
provision t)f op])ortunity for students to train them- 
selves in the priucijiles and application of those 
princiiiles and methods. For the provisi(ui of oppor- 
tunity to the students to train themsehes and for a 
study of all the factors coveretl by the term public 
liealth, the necessity for the inauguration of “con- 
trolled areas (to permit exenii>litication of methods) 
of a size sufficient to provide quality and (luantitative 
facilities tor students’ self-participation” is em- 
phasised. The development of the most efficient 
aiul jiracticable methods of scientific medical protec- 
tion through organi.sed community effort can be 
achieved through research. The absence of con- 
trolled community fields however places the Institute 
under the same disabilities as would Iv faced by a 
department of clinical medicine in undertaking 
usearch in the absence of a teaching hos])ital. 

The report iioints out the deficiencies in tlu* 
present organisation of the Institute and in the 
curriculum and training and uieutions that stress has 
hceu laid on the definite rei|uirements of this 
country in determining the line of reorganisation. 

“Public Health”, the reiiort points out, “is 
■'iganised community effort for medical protection, 
•'"d, as such, is social medicine, the utilisation 
"1 which must Ik* different under varying social- 
economic conditions even although the jirinciples 
derived chiefly from medical biolog>' are universally 
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similar. Conseiiiieiitly, it is essential that organisa- 
tion hii instruction and research must vary from 
country to country during the levelling up process. 
Malaria must be aft'onk'd an imijortance in India 
that would be uncalled for in Ivngland. Health 
insurance cannot be given the same prominence in 
China as in ('.erniany.” 

An acc«)unt is given of the luogress inaile in the 
introduction of reforms in tlu training of public 
health officers and mentit)n is made of the propo.sals 
under consideration for bringing the All-India 
Institute up to a standard comparable with similar 

institutions in other and more advanced countries. 

# 

I'he report goes on to say : “'Die D.P.H. 
training .should Ik* f)ne of the first educational • fields 
to demonstrate the greali.-r deinaiul for local fpiali- 
ficalious in the light of kK'al variabilities in adminis- 
tiative practices. This rec<>gnition will be accorded 
shortly after the students are given adequate practice 
locallv under Indian commnnitv conditions”. 


State Monopoly of Medicine 

Ln a discussion on State -Medicine: Its Pro[>er 
vSphere, at the Royal ^society of Medicine, kondou. 
Dr Alfreil Co.x’s argument against making medical 
service totally a State one was that it would 
degenerate to the ordinary out-door practice and 
only "mass medicine”, and a proi)er examination 
would not be possible. While treating a case, indivi- 
dual attention of a doctor counts much, hence medical 
attendance is to be left to the profession without 
l)eing eiicumlKTed with any restrictions from outside. 
He Siiid that the Stale should be more active with 
regard to the (<i) public health schemes, (h) health 
insurance schemes, and (c) research work •under the 
universities and research councils. Dr Andrew 
Topping was very iningenl in liis remarks and siiid 
that the general practitioners jnaclising. for alxml 
ten years knew less medicine than they did when 
they had qualified and that in course of their practice 
they sometimes hoodwinked the public. The con- 
sultant branch was also not spared by him. The 
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l)ccuiiiary coiulitit)ii has been at a low ebb and 
joblx*ry there is (]nite rampant. For proper medical 
work, a medical man should be relieved of his 
worries for an annual income sufficient to live 
according to his proper status. Dr Fraub Gray 
stressed the difficullies which officialdom would briuK 
in the work and hinted that assured income would 
lead towards slackness in work of the officially 
employed persons. The general view after the dis- 
cussion was that .some sort of specialist practice 
should be encouraged and the national insurance 
scheme should receive more support from the State 
and should be applied widely as the general health 
of the people is a matter vitally concerned with the 
administration of a country. 

I\ K. C\ 


Nutrition Research 

'fnK Indian Research Fund Association was 
formed in igii and since then it has devoted 
increasing attention to the study of nutritional prob- 
lems and to the practical application of the fruits of 
such study to the improvement of the diet of the 
people. Nutrition research has inoceeded on the 
lines of surveys of the state of nutrition and the 
dietary habits of the peoj)le in various parts of the 
country, the analyses of the common foodstuffs of 
India for ascertaining their nutritional value, and 
discovering cheap substitutes in order to meet recog- 
nised deficiencies in Indian diets. Rice, as the 
staple diet in many iiarts of India, received special 
attention during ig^g, for which year the Report of 
the Scientific Advisory Hoard of the Association has 
recently been relea.sed for the public. A memoir 
entitled ''The Rice Rrohlem in India*\ which deals 
with dilTerenl aspects of the subject, has Ixeii pub- 
lished. The results of over 50 diet surveys in 
different parts of the country have been embodied in 
a special ])ublication by the Association and this 
.should prove to l)e of value to provincial Depart- 
ments of Agriculture in shaping agricultural policy 
in order to meet existing diet deficiencies. 

The training of health personnel in mitrition 
work, which was started in 1937, continued in 193Q 
and seventeen workers from various provinces and 
Indian States attended a three-months* course. A 
new edition of Health Hullctin No. 23, entitled ‘'The 
Nutritive I'aluc of Indian Foods and the Plannirtj' 
of Satisfactory Diets'* w'as issued during the year 
and a nutrition museum wms established at the 
Nutrition Research L/al)oratories at Coonoor, which 
is maintained by the Indian Research Fund Associa- 
tion. Researches into different nutritional problems 
invedved investigations in many centres, including 


medical colleges in Ducknow and Bombay, the 
departments of chemistry in Dacca and Calcutta 
universities, the All-India Institute of Hygiene and 
Public Health, Calcutta, the Nutrition Re.search 
Laboratories Coonoor, and the Imperial Agricultural 
Re.search Institute, New Delhi. 


Study of Major Diseases 

The .Malaria Institute of India took a leading 
{KWi in directing anti-malarial oi)erations and 
research on scientific lines. The annual class for 
training in malaria for medical officers from different 
parts of the country was held at Delhi by the 
Institute and 24 medical men attended this course. 
A new health bulletin entitled “Lectures on Malaria" 
was prepared and a new edition of the i)ractical 
entomological course for medical officers was pulv 
lished. 

Plague research is mainly centred at the 
Ilaffkine Institute, Bombay. At the Cumbuni 
Valley in Madras Presidency various field studies in 
regard to the control of epidemic outbreaks of the 
disease have also been in progress for the past eight 
or nine years. At the Haffkine Institute as a result 
of research w'ork on an anti-plague vaccine a seriun 
for the treatment of plague patients had been j ire- 
pared by this Institute and had undergone limited 
trials with encouraging results during certain epi 
demic outbreaks of the disease. At Cumbum Valiev 
the research consisted mainly of wwk on the jireveii- 
tion of plague by the use of chemicals for rat 
destruction in rat holes and by the reduction of rat 
inft^station in houses through improved construction. 

An investigation was carried out into the exis- 
tence of varying degrees of di.sability among the 
poi)ulatioii of certain areas in Madras Presidency 
the result of high concentrations of fluorides in the 
drinking water supplies of those areas. 

Researches by field and laboratory studies into 
Icj^rosy have shown that, in respect of chronic Ixjiu- 
and nerve pain aSvSociated tvith leprosy, the adoption 
of a wheat diet by the patient affords consider- 
able relief. Another important finding is that the 
administration of skimmed milk to children with the 
more severe forms of leprosy appears to help towards 
a cure. 

The enquiries supfiorted by grants from the 
Indian Research Fund Association include most 
the major diseases affecting the health of the pcopK- 
of the country. A total sum of nearly Rs. 4,76/’^^^* 
was distributed during 1939 in the form of grants 
to the different enquiries. 
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A PHYSiCAi, event, quantitatively describetl, is 
produced by the operation of one or more causes. 
For instance, the weight of a man is causally linked 
witli his heredity, age, occupation, diet and numerous 
other small factors. Experiment, the tool of the 
scientist, derives its use from the ability of the 
experimenter to replace complex systems of causa- 
tion by simple systems in which only one causal 
factor is allowed to vary at a time. This is an ideal 
which is rarely approached in practice. For, con- 
sider a problem in nutrition to assess the influence 
of two different diets on the growth of children as 
iiieasured by the increase in weight. The subjects 
of the nutritionist’s experiment, namely, children, 
cannot be brought under complete control in the 
sense the laboratory conditions like temperature and 
the like can be controlled. The nutritionist may 
however try to control his experiment as far as he 
can by allotting children which arc of the same race, 
religion, caste, sex etc., to the two different diets 
under consideration or in other words by equalising 
the two groups in respect of all these factors. He 
may even ensure that the two groups enter the 
experiment at the same age, but if he decides that 
ages of the two groups must be the same, then other 
factors like the wxdght etc., will necessarily differ 
and will affect the differences in the final weights 
of the two groups. The situation is analogous to 
the agricultural experiment in which different num- 
bers of plants might grow' on two plots equal in area 
l»iit treated with different manures. The difference 
in yields of the two plots may here partly be due to ^ 
the different number of plants grown in the two 
I)Iots. On the other hand, if the experimenter 
ilecides to calculate the yield on equal number of 
plants, then the areas occupied become different. 

It will thus appear desirable to introduce into 
the experimenter’s comparisons of the two yields a 
correction which makes allowance for the variation 
in yield due to differences in plant number itself. In 
1‘rcciscly the same way, the nutritionist may like to 
estimate the effect on final results of the differences 
iu initial weights and adjust the final results in 
accordance with the estimated effects with almost as 
great an accuracy as if complete equalisation had 


been po.s.sible in regard to weight. Itvcn so there 
may be numerous other genetic and personal factors 
which cannot be measured but which will seriously 
affect the differences in weights of the two groups. 
The experimenter cannot ])OvSsil>ly eliminate those 
factors. Even in physics and chemistry the errors 
of personal observation, of inslriinieiits, changes of 
moisture, etc., cannot be conq>letely eliminated, but 
they generally form so small a part of the real 
differences that they can be ignored in arriving at 
conclusions. The nutritionist cannot afford to do so. 

It is with quantitative i)roblem in which the data 
are affected by numerous causes that the science of 
statistics is concerned. Its object is two-fold : (i) to 
build up a statistical design so that valid and con- 
clusive inferences are made pos.sible, and (it) to 
interpret the quantitative data of the experiment so 
that due attention is paid to the influence of the 
numerous uncontrolled factors. The tool or the 
method which is considered appropriate to interpret 
the data in (luestioii is called the statistical method. 
The princii)les from the consideration of which the 
method is derived constitute statistical theory and 
the means by which it is derived is pure mathematics. 
When the problem under consideration is a bio- 
logical iwoblem, the science of statistics is said to 
Ik; biometry. 

Whether it is an experiment to assess the 
difference between different diets given in different 
quantities and in different environments or an 
enquiry to estimate the incidence of tuberculosis in 
the ]>opulation, the first (luestion with which the 
statistician is concerned is the • planning of the 
experiment or the enquiry under consideration by 
which is meant not the drawing and num1x;ring of 
items in the schedules tt> suit the requirements of 
the sorting machine but the structure that will 
guarantee in the first instance valid inferences 
through the appropriate process of randomisation 
and in the second instance greatest accuracy for the 
results through such devices technicall/ known as 
that of equalisation, concomitant observations, repli- 
cation, confounding, stratification and the like. It 
is not possible to explain here even the rudiments 
of these principles which constitute what is known 
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as the srieiicv of liesi^ii of experiments Inti I shall 
illustrate later what role some of them can play in 
secnrin,!.» a renter acettraey for the results. 

It is a historical accident that this science which 
should have been de\ eloped before or .siniultaneouslv 
with the statistical method, actually had its founda- 
tion laid much later. The necessity (4f developinf* 
it was always perceived by experimental scientists 
as will 1 k.‘ clear from the followiiift quotation In 
Robert Rovle in 167,^. He writes to his friend, “I 
am very .sorry, that to the many diniculties which 
you may meet with, and nui.st therefore surmount, 
in the serious and efTectual prosecution of experi- 
mental philosophy I must add one discoura.tienient 
more, which will perhaps as much surprise as dis^ 
hearten you ; and it is, that besides that you will 
find many of the experiments published l)y authors, 
false and unsuccessful, you will meet with several 
observations and experiments which, thoireh com- 
inunicated for true by candid authors or undisturbed 
eye-witnesses, upon further trial, di.sapi)oint your 
expectation, either not at all succeedin.i; c<.>nstantly 
or at least varyinj^ much from what you expected.” 
This diiriculty in experimentation has been all 
throuiih at the back of the experimenter’s mind, but 
the concepts of inductive reasonin.i?, of arKuiuK from 
observational facts to the theories which may ex- 
plain them, .such as were develo])ed in those times, 
were too rudimentary to surmount it. I'liomas Hays, 
the author of the celebrated treatise on inverse pro- 
bability, was the first to attempt to .uive an exact 
quantitative theory of inductive reasoning, but he 
was never satisfied with the validity r)f the theor\ 
which he imt forth. He was so critical of its vali- 
dity that he never aKieed to publish it. It was 
actually publi.shed after his <Ieath by his friend 
Price. 'I'o R. A. I'isher i;oes the credit of layiiii* 
the theoretical foundation of this science. It was he 
who first perceived that .statistical nielhod and ex- 
perimental design are only two dilTerent aspects of 
the same whole and that whole is the logical retiuire- 
nicnt of th^ complete jirocess of adding to know- 
ledge *by experimentation. He outright rejected 
Hays’ “inverse pVobahility.” He showed that it 
could lead one nowhere. He instead proposed a 
new concept known as likcliln^^tl, which is the 
theoretical foundation of imKleni statistics. 

Having obtained his data and satisfied himself 
that these arc reliable enough to i)ermil him to pm- 
ceed, the slatisliciaii must rearrange them until they 
are ready for the apniication of his method. .For 
when we have a large number of values noted merely 
in the arbitrary order ’.n wbicli they occur, the mind 
cannot gras]) the full significance of the whole 
record. Some shape of condensation becomes neces- 


sary. The moht c<»mmoii form of condensation is 
known as the freiiuency distribution. Its concept 
would be clear from figure i which show’s the 
frecjuencw' distribution of lethal doses of .strophan- 
thin. On the hori/ontal .scale of the diagram are 
marked the lethal dosvs. On the vertical are marked 
the number of frogs killed. A lethal dose of ■2,^5 

I '* ' ■>'/ '. ’ I ■ '. 
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PiCt. 1, niiistraling the fre(iiu-m‘v (li'-lriDiitioii 
of lethal iloses f>f slroph.inlhin on 

the hDri/niilal seali-). 

was given to each of 1,00 ) frogs. As the tlose was 
gradually increased from 2.^5 to 248, two frogs 
were killed. As the dose was increased from '248 t«) 
’261 a further number of 7 frogs was killed and so 
on. The intervals from 235 to 248 or from 248 to 
'261 etc., are known as cla.ss intervals. The numbers 
of frogs killed by doses defined by the class intervals 
are called frequencies. I'he manner in which the 
' frctiuencies are di.strilmted over the class intervals 
is known as the frequency dislribulion. The 
diagram shows that the average lethal dose was 
abottl \t2. It shows that majority of frogs was 
killed by a lethal do.se ranging rottnd about ’,^2. In 
particular it shows that about 05 per cent of the 
frogs were killed by a dose ranging from *27 to 'y,- 
The diagram .shows that as the lethal dose increased 
or decreased, fre(|uency becomes less and less. 

It will be clear that by condensing information 
in the form of fre quency distribution we have got a 
v-ery necessary clarity about the behaviour of the 
numl)er of frogs killed with the increase or decrease 
of lethal doses, but it is al.so clear that in doing so 
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WL‘ liavc sicrificotl a certain aiiioinit of information. 
I'or i.S groiiijs cannot possibly replace, thousand 
(lifTerciit figures without a loss of some information. 
We shall not however dwell on this point much 
longer. It is sufiicient to remark that while clarity 
must be gained at the exi>ense of some information, 
ihe loss of iiifonnation is generally negligible if the 
iiiagnilude of the class-interval chosen is suRieiently 
small, so that the whole number of fre(iuencv-classes 
lies approximately between [5 and .15. 

If the frogs were more homogeneous in their 
iesi.stance to the d<ise of strophantliin then the 
.il)<)ve grou]) of i.ocK) would be shown in continuous 
line. In other words, if the two frogs which were 
killed bv lethal do.se of to ‘J4<S were less sensible 
to strophantliin than they actually were or the two 


/>; ' J' -J'. ■ .V; s ^ * 0/5; 



Tif'., 2. llluslniliiig tlie frtnjiu-nry distribu- 
tion of niodiiicd lethal tlose of slropliaiitliiii 
liiidieated on the horizontal scale). 

hogs which were killed by the lethal do.se between 
,Vji to ’404 were less resistant, then with the average 
klhal dose remaining the same, the scattering 
'>f the fretiueiicv distribution about the average 
value would be le.ss than that in the first group 
“I 1,000. In other words, variability of the lethal 
<l'>se in this more homogeneous group of frogs would 
he less than that in the first group. The situation is 
clearly depicted in figure i. Tn exactly the same 
way we may have a group of frogs all with uni- 
h>rnily better resistance than those lielongiiig to 
cither of the two groups shown in fi.gurc t thus 


giving a larger value for the average letlial dose. 
The situation is illustrated in figure 2. 

A eoiiiparison of the two frequency distributions 
in the first diagram .shows that the two distributions 
dilTer in cme important .rc.spect, namely tlieir varia- 
bility about the average value or central value. A 
comparison of the two di.stributioiis of the second 
graph shows that while the shape of the two graphs 
is identical, the central values are different. Symme- 
trical distribution are thus seen to differ from each 
other in two important re.speets : (/) the central 

value about which the fre/iuency distribution is 
scattered, and (//) the variability *)f the fro(iiiencv 
distribution about its central value. 

'I'lie eeiitral value is eomnionly measured by 
what is known as tlie arithmetic mean, which may 
be defined as the sum of all the values divided by 
the number of the values. The vanal)ilily is 
measured b\ what is known as the standard devia- 
tion. It is the .scjiiare riK)t of the variance which is 
the qiH)tient of the sum of s(|uares of deviations of 
observations from arithmetic mean by the tiumbcr of 
observations. For the two distributions of lethal 
dose* shown in figure 1 the average values are the 
same, but tile variabilities are different, namely ’’oiy 
and 025. For the distributions in figure 2, the 
variability is the same, but the awrage values are 
dfferent, namely and 

With homogeneous material, tlie frecpieiicy dis- 
trilmti/m generally takes the sha]>e similar to that 
shown ill the diagrams. It is symnieti ical on either 
side of the central value. Most of the distributions 
we meet with in practice, although they are not 
(|uite symmetrical, follow closely the proj/erties given 
by a .symmetrical di.stribntioii known as the ('laussian 
or normal frequency distribution. In the (.'laiissian 
distribution alioiit two-thirds of the observations lie 
between the ranges of arithmetic mean plus and minus 
the standard deviation, about 95 per cent of the 
observations lie between the ranges i>lus .and minus 
*two times the standard deviation and less than ^4 
of I per cent lie outside the ranges of arithmetic 
mean plus and minus three times the deviation. 

In any seientitie emiuivy, we rarely have time 
and money at our disposal to investigate each and 
every member of the univcr.se we set out by .study. 
Almost invariably we try to base our conclusions on 
the Ixisis of sample data. Thus if we want to 
ascertain the incidence of tuberculosis in the ])opula- 
tion of Calcutta, we do not examine each and every 
individual, but try to base our conclusions on a 
representative sample of individuals of the town. 
Now if I were to select a sample of i ,000 persons and 
arrive at a figure x for the incidence of tuberculosis, 
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another gciitleiiiau selecting his own sample of the 
same size may not necessarily arrive at the same 
figure for the incidence of tuberculosis, namely x. 
Indeed if we take repeated sample of i,ooo indivi- 
duals the figures for the percentage incidence will 
vary from sample to samide not because there has 
been any bias in the selection of samples, but 
because of the inevitable chance fluctuations which 
must be present in the selection of different random 
samples. 

The larger the stunple, the more is our confi- 
dence in the conclusions. Thus if we are to base 
the figure for the incidence of tuberculosis on a 
sjitnple of 10,000 instead of on 1,000, anyone would 
have more confidence in the conclusions from the 
sample of 10,000, provided of course Ix^th are 
representative samples of the population. The reason 
for this increased confidence in the conclusions of 
larger samples in terms of the concept of variability 
is easily made clear. Repeated samples of r,ooo will 
show a larger variability in the values of the inci- 
dence of tuberculosis than repeated samples of 
10,000. We can well imagine the case in which wc 
have investigated the whole of the population result- 
ing in zero variability, for then there will be only 
one and one figure for the incidence of tuberculosis 
in the population. Confidence grows in direct pro- 
portion to the size of the .sample. Alternatively, we 
may express the.se results by saying that the accu- 
racy of the estimate for the incidence of tuberculosis 
varies inversely as the variance or directly as the 
size of the sample. 

Such were the great contributions of Karl 
Pearson towards the close of the last century, which 
drew the attention of the scientific world to this sub- 
ject and gave it the status of an exact science, 
'riiere was however a significant departure in the 
way of thinking of Karl Pearson with the entry into 
the field of two outstanding personalities in statis- 
tics, namely W. G. Gossett, who wrote under the 
pseudonym^ ‘Student’, and R. A. Fisher. It was 
realised that while the accuracy of the estimate 
arrived from tlnj sample would certainly increase 
with the size of the sample, it would also be 
governed by other factors such as the way in which 
the sample is selected, the method by which the 
estimate of incidence is made and so on. The 
former is the sort of problem falling under the cate- 
gory of the design of experiments ; the latter under 
that of estimation. 

To illustrate how the accuracy of the result 
depends on the technique of selecting the sample we 
may conceive of a population of a town residing in 
two parts in one of which the incidence is very high 
and in the other very low. More simply we may 


think of estimating the average income of the popu- 
lation and imagine that in one part of the town 
peoi)le drawing exactly the same annual income are 
living and in the other people of varying incomes 
from rich to poor are residing. To Ik; specific, let 
the population of the town be 10,000, of which 3,oo<j 
are .staying in one part and the remaining 7,000 in 
the other. If the time and money to estimate the 
average income is just suflTicienl to collect a sample 
of 1,000 then the problem to l>e considered is how 
to select a typical sample of 1,000, .so that the 
average income of the whole town will be estimated 
with the greatest accuracy. A .statistician of the 
older generation would allot equal representation in 
proportion to the size of the parts of the population. 
He would argue thus — “if in one part the popula- 
tion is 3,o{Kj and in the other 7,000 then they niu.st 
select 300 individuals from the first and 700 from 
the other, thus giving proportional representation.” 
Little consideration will however show that this 
would be a very unwise selection. If it is known 
that the variability is zero for the first part of the 
population, in other words, if it is known that .all 
the 3,000 individuals of the first part have the same 
income, of what avail would it he to .select 30^ 
individuals when one individual is just as good for 
the purpose? The proper division would be one 
man from the first group and the remaining 000 
from the .second. What is true of this imaginar\ 
example in which variability is as.suincd to 1)e zero 
is equally true of populations in which the variabi- 
lity is different. The allotments of the sample to 
different strata of the population cannot be governed 
by the size of the strata but mu.st be made to 
depend on the consideration of accuracy of the final 
estimate. 

The bearing of the method of estimation on 
accuracy is stated in general terms as follows. If 
from a sample of t.ooo observations wc calculate an 
estimate A and a second estimate H having twice 
the variance of A to estimate, say, the central value 
of a kiiowm, say, normal frequency distribution, then 
although B might lx? a valid estimate of the centre 
it will be one definitely inferior to A in its accuracy. 
Losing the statistic B a sample of 2,000 values would 
be required to obtain as g(xxi an estimate as has 
been obtained by using the statistic A from a sample 
of 1,000 values. An example from serology will 
illustrate the importance of estimation. 

The phenomenon known as Land-steiner reac- 
tion enables us to classify the blood of individuals 
into four groups, O, A, B and AB. The characteris- 
tics of cells or sera of these blood groups are shown 
in the following figure. In the group O the cells 
having no agglutinogens cannot be clumped by any 
serum, but its serum will clump the cells of all the 
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other three groups. In the group A, the cells are 
clumped by sera of groups O and B while its serum 
clumps the cells of group B and AB. In the group 
13, the cells are clumped by sera of group O and A 
while its serum clumps the cells of group A and AB, 
and lastly in the group AB, the cells are clumped 
by the sera of all the other groups, but its serum 
having no agglutinins at all can clump no cells 
whatsoever. The inheritance of blocxl-g roups, has 
Ixjcn explained by Bernstein or what is known as 
the theory of triple allelomorphs. Bernstein postu- 
lates the existence of three genes A, B and R con- 
cerned in the blood group formation involving only 


BLOOD GROUPS. 
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Fic;. 3. Illustrating the group-classification 
of human bloixl. 

one pair of chromosomes. Of the three genes A and 
B are dominant to R. The presence of the A gene 
causes the appearance of the A agglutinogen on the 
corpuscles independently of other factors. The 
l)iesence of B gene causes the appearance of B 
ngglutionogen, this also being iinalTcctcd by the 
presence or absence of either A or R. When the 
two loci are each occupied by an R gene the result 
is a recessive condition in which neither A nor B 
agglutinogen is prevSent giving haemotype O. If A 
f'c present and not B, the haemotype is A. If B be 
present and not A, the haemotype is B, and if lx>th 
present they cause the appearance of respective 
^'Agglutinogen independently, thus resulting in the 


haemotype AB. The situation is clearly grasi)ed 
from table 1. On this theory, the haemotypes 
possible in children of different matings of parents 
will l)e as shown in the table II. Thus the mating 
of parents with blood groups O, O results iti a child 

Table I. 

Showing the possible combinations 


of genes A, 

B and R and the 



resulting haemotypes. 



A 

B 

R 

A 

A 

AB 

A 

B 

AB 

13 
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with haemotype O, for neither the mother nor the 
father will carry any other gciie except the gene R. 
In the same way the mating of iKuents with blood- 
groups O and A will result in children with bloinl 
groups either () or A and so on. 

Tahi.k II. 

I Jaemolypcs possible in children 
in different matings according to 
licrnstcin's Triple Allelomorph Theory, 

Mating. Resiilliiig haemotypes. 


0x0 
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OxA 

O, A 

O X 13 

O, H 

Ox AB 

A, B 

A X A 

(), A 

Ax 13 

O, A, 13, AB 

A X AB 

A, B, AB 

13x 13 

O, 13 

13 X AJ3 

A, 13, AB 

AB X AB 

A,‘B, AB 


Now if p, q and r denote the freciueiicies with 
which the three genes A, B, R are present in the 
population, it follows that the frecpiency with which 
individuals with blood groups O. A, B, AH will 
occur will be given by the equations set out below 

A ~ p** + 2pr 
B =q* + 2 qr 
AB = 2 pq 
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\\V* luivu thus four equations to estimate only 
three unknowns. The situation is one calling for 
the use of the theory of estimation. It is analogous 
to the following' inobleiii. If lo i)ersoiis investigat- 
ing the incidence of tuberculosis in lo parts of 
Calcutta ^^ot lo different ligures for the estimation 
of tlic incidence of tuljerculosis in their respective 
liarts what will be the lx\st estimate of the incidence 
of tuberculosis in the whole population. We must 
combine the figures in such a way that the final 
estimate will show the least variation or the least 
variance. 

IleriistLin gave one set of sohili()ns for the un- 
knowns p, (1 and r. Later on he gave another set 
of solutions for the same unknowns, and called the 
later set of solution as an improved method of 
estimating the blood groups gene fretiuencies. lie 
was aware tliat this later set would show a smaller 
variation in rei)eated simples of the same si/e than 
the first set of estimation. He thus got two estimates 
for the unknown r which we might denote by r, 


and 1*2. For r, Hernstein found out the sampling 
variance. For r. while he recognised that it^ 
variance was smaller than that of r, for the same 
sample si/e he never actually calculated it. I have 
shown elsewhere that this variance is alnxit lo t(^ 
r.j per cent smaller than the variance of ri. Tlu 
meaning of this finding is explained as follows. 
From the view point of estimating the R-geiie 
freiiueiicy in the population, the time and mone\ 
.spent in examining the blood groups of 12 per cent 
of the individuals are a jmre waste. The force ol 
this argument can be brought home if T illustrate* 
to you what it means in field eiuiuiries like, say, 
the estimation of the state of nutrition or the inci- 
dence of a disease in the population and so on. What 
one w'ould think if as many as 12 per cent or nion* 
of the observations collected can be considered a 
clear waste from the viewpoint of the object of the 
enquiry 

" .Vdiipted fnun k-ctiiri* at tin? Journal Chih, All-riuH.i 
IiNlitnle of Hygiene and Pnhlie Hcnlth, Calcutta. 


THEELIN FOR BROKEN BONES 

Knitting of broken bones, especially in elderly women, ni.iy be speeded by treatment with IIk 
female sex hormone, thcelin, Dr (L A. Pollock, of the Mayo Foundation, declares as a result of studies 
of the effects of theeliii on broken boiies in laboratory animals. 

Women over (y) years of age get si>called ‘broken hips’ with ‘striking’ freiiuency, Dr Pollock points 
out. The condition, although popularly known as a ‘broken hip*, is actually not a break of the hip but of 
the neck the thigh bone near where it is joined to the hip. A change in the Iwnes of older women 

suggested -a relation t«) the cessation of ovarian function in women past 50 years. Several other scientists. 
Dr Pollock found, had also noted a relation Ixtwecn female sex hormones and bone formation. 

— Science Servit'^ 
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Bacteriophage, its Nature and Behaviour as 
Studied by the Electron Microscope. 

Ui/ri? A MICROSCOPES has been used to investisale 
tlie nature of bacteriophage which are too small 
lo be visible by ordinary microscopes. d’TIerellc 
showed that the phage element is first adsorbed on 
the cell-wall ; it then penetrates inside, miiltiidies 
and after sometime bursts the cellwall and thus the 
newly formed phage elements come out. Kisenberg 
{IhiL. J. Exp. Path., ig, 338, 1938) has taken some 
pliolo-micrographs of phagelysis of Coli bacteria and 
lie supports d’llcrelle’s ‘particulate nature of 
haeteriophage’. Recently Riiska {Nalurwisscn- 
ulinftcn, Heft. 3, 45, 1940), and Pfankuch and 
Kansche (ibid., 46) have taken some photo-micro- 
eraphs with the help of electron miscroscopes 
(Siemens Halske) at magnifications ranging from 
i4,0(.io to 25,000. Ruska has carried out some 
LNperimenls lo study some asjiect.s of phagelysis of 
Coli bacteria. He found that the phage elements arc 
lulsorlied on the bacterial membrane and dissolve it 
alter sometime, allowing the plasma to be liberated. 
Tile phage elements have been purified from the 
associated i)roleins obtained from bacteria and the 
cnlliire medium by adsorption and elution from 
aluniiiiium hydroxide C, 7. The size of the phage 
c(jrpnscles has been measured lo be 40 — So nv^/in 
diameter (this has also been established by Andrews 
and b.lford, Ihit. J. Exp. Path., 73, 446, 1932 by 
tlieir diffusion experiments). From experiments on 
iiinhly purified phage samples they postulate that 
tile jdiage elements are associated with high mole- 
enlar proteins and this is in agreement with the 
nltra-centrifugal experiments of Northrop (J. (icn. 

21, 335, 1938) and Wyckoff {ibid., 367) and 
with the chemical an:ilysis of Schlesinger (l^ancel, i, 
t935)- They have further found that during 
IMotracted irradiation the phage corpuscles are des- 
troyed by the electrons leaving only some hollow 
n iiud bodies. 


Indication of a New Chick Growth Factor in Rice 

Hogan and his co-workers (Jour. Biol. Chem., 
64, 113, 1925) suggested that polished rice contains 
a chick growth factor not present in any sigiiificaut 
amount in yeast. MacFarlane ct al (Jour. Nutrition, 
4 p 33i. 1931) sui>porled this observation. Stokstad 
and Manning (Poultry Science, iS, 413, 1939) 

studied this problem and found that polished rice 
has a growth-promoting effect which cannot be pro- 
vided by levels of dried yeast up to 15 per cent of 
the ration. Very recently Ahmiuist, Stokstad, 
Mecchi and Manning {Jour. Biol. Chem., 134, 213, 
TQ.-jo) have found that glycine is required in' the diet 
for optimum growth of the chick. When adequate 
glycine is present in the diet chondroitin luis a 
growth-promoting action on the chick. A combined 
effect of glycine and chondroitin can rei>lace the 
“rice factor”. 

. 1 . C. M. 

The Iron of the Plasma. 

Tiik iron content of the iilasma probably plays 
a very imi)ortanl part in the transport of iron, 
^luch wui'K has been tloiie regarding the nature of 
the iron [iresent in the plasma. Barkan (Klin. 
Wschr,, i(), 330, 1935) has shown that the plasma 
iron is present in the ferric state and is non- 
extractable with trichloroacetic acid but becomes 
easily extractable if the plasma is incubated with 
dilute II Cl at 37° for 21 hours previous lo extraction. 

Tompsett (Biochem. Jour., 3/, 959, • 1940) has 
coiifirmeit the work of Harkan and states that* ]>ro- 
bably the iron is present in the ])lasma in comi)lex 
combination with phosphatidcs which prevent the 
ultra 'lltralion of the iron. But it has been shown 
that if the pla.sma is acidified and allowed to stand 
the Fe becomes reduced to the ferrous state, pro- 
bably by the plasma protein, and becomes ultra- 
filtrable. So, according to the author, the plasma Fe 
will, at least in part, be changed into the ferrous 
state before being utilizable. 


D. K. R. 


K. C. S. 




BOOK REVIEW 


Scattering of Light and the Raman Effect— 

S. Mil V(;a\ \XT\M. Piihlislivcl by the Andhni 

riiiversily, W’altair, iQio. /*/) icilh 2 

t^latcs ii»ii ii figures. I^rin Rs. 75 / • or 22sh. 

I'liis b(K)k deals with the experimental details 
as well as theoretical treatment of various problems 
ill classical scatteriiiji of li.v»hl and of the Raman 
elTecl. Tile author is a well-known worker in these 
lines «>f research and was one of the collaborators 
Prof. Sir C. \'. Raman for a number of years. It 
is well known that the intensive study of various 
aspects of scatleriiij; of li.eht by Prof. Sir C. \\ 
Kainan and some of his collaborators has not only 
resulted in important and valuable contribulitms to 
the pre.seiU state of our knowle(l.^e of the subject 
but has also led io the discovery of the Raman 
effect. This effect has found its aiiplication in 
various branches of science and a large volume of 
literature has accumulated during the last twelve 
years, and a large part of this literature has been 
eiintributed by the discoverer himself and his colla- 
borators. Before the ]mblication of this book there 
was not a single treatise in Tvnglish giving a con- 
nected detailed account of the experimental and 
theoretical aspects of both the unmodified scattering 
and the Raman effect. The famous article of 
Plae/.ek in Handbucli dcr Rudiologic, Band 6, Part 
II, deals with the theoretical ast)ects of this 

subject ipiite thoroughly, but it is written in ('icrinan 
and the experimental details have been omitted. 

1 he ])ublieation of this book has therefore removed 
a long felt want. This Irook will be us(.*ful to the 
Post-( Graduate students wdio have to study this sub- 
ject, -as well as to beginners in researches in these* 
lines. 

1 he first eight chapters <il the lM»ok deal with 
the theory and experimental details regarding Ray- 
leigh scattering by anisotro])ie molecules in the 
gaseous state, by lujuids, amorphous solids and by 
liipiid mixtures and liquid boundaries. The experi- 
mental results have been di.scusscd in the light of 
these theories. Chajrter VII has been devoted to an 
account ot the theoretical attempts which have Ireeii 
made so far to calculate the anisotropy of molecules 
in certain crystals and of some diatomic molecules in 
the gaser>us .state. Chapter TX deals with the clas.si- 


cal theories »)f some allied optical phenomena, c.jn., 
natural, mechanical, electric and magnetic hire 
fringeiice in which tlu* oj)tical anisotropy of the 
molecules plays an iiiqrortant role. 

The remaining nine chapters deal with the 
Raman effect, its theory, experimental arrangements 
and results, and its application to various subjects. 
Chapters XJ and XII deal with the theory of vibra- 
tional and rotational Raman scattering and are based 
on the theories put forward by Placzek and b\ 
Plae/.ek and Teller. The relation betw’eeii selection 
rules for Raman scattering and the symmetry ol 
the molecules as originally given by Plae/.ek in hi^ 
article mentioned above has been treated lucidly in 
Chapter XII. Chapter XV dealing with the ex])en- 
niental leehniiiue is quite useful. As regards tlu 
discussion of experimental results, it is difficult loi 
any author to do justice to such a large amount 
data which has accumulated. So, althon.eli 
attempts have been made in the book to clas^ii’\ 
these results on the basis of the nature of the diffei- 
eiit problems which have been solved by the appliea 
tion of the Raman effect, some interCvSting results 
have been overlooked by the author in discussing n 
few of the apidications. Chapter XVIII dealing 
with Raman effect in relation to organic chemistry is 
by no means an exhaustive account of the work doiu 
so far on this particular toinc, but attempt has been 
made to refer briefly to most of the a.specls of this 
particular topic. 

There are seven useful a])])endices at tlie end 
of the lK)ok dealing with “radiation from moving 
charges**, “convergence correction**, “fluctuations”, 
“evaluation of the various matrix elements of tlie 
polari.sability temsor’*, “tensor components and 
their ttansformation frcmi one co-ordinate system t‘> 
another**, “groups and group characters’* and 
“group theory and normal . oscillations of imde 
cities**. 

The printing is (luite satisfactory, the letters 
Ixring of fairly big size and the pa])er (Ksparl<> 
Imperial Octavo) being of good quality. There an. 
about forty-two line blocks and tw’o plates. Cor 
sidcriiig the increase in the cost of materials ii- 
printing the book during the war-time, the i)rice 
the l)ook is quite moderate and it is hoped that tli' 
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])Ook will have wide circulation both in India and 
abroad. 

►S. C‘. Sirkar. 


An Attempt at the Correlation of the Ancient 
Schistose Formation of Peninsular India — by 

vSiR LKWIS ly. Fermor. (Memoirs, il. S. f. 

X'^ol. 70, Pt. 2. No. 2, 1940). 

Sir Lewis P'crinur has Iven Riven a heavy 
ivsnonsibility and arduous task of writing an account 
of the correlation of the ancient schistose formations 
i)f Peninsular India— a subject of very great import- 
.nice in Indian .strati.£»raphy. Two issues have already 
iippeared and the present one under review is the 
iliird of the series and the entire subject will perhaiis 
l)e covered by several more yet to be published. 
'I'hese publications appear to be very valuable as they 
t ome from the pen of one who has devoted his life 
to the study of the older formations of India. In 
these publications the works of the other officers of 
the ('1. S. 1 . have also been taken into account. 
Amongst other things Air West’s important work on 
origin of streak\‘ gneisses of Nagpur area and 
Deolapar nappe structure has ai)tly been mentioned 
herein. 

'rile )>reseul volume deals only with the >Sausar- 
Ihihighat Province of the non charnockilic region. 
I'll is province is occupied by granulites, marbles, 
■luartzites, schists and iihyllites, in general parallel 
handing with ortho-guei.sses, paragneisses, co!n])osite 
gneisses and also with intrusive granites and pegma- 
tites. 'I'lie rock units comprising this Archaean 
lenaiie have been divitled into two main groups, 
namely (/) the rocks of pre.siiined Dharwarian age 
tli.'il are mainly or entirely of sedimentary origin, 
and (ii) the ortho-gneisses and granulites. 

There is a great difference lietween the intensity 
of nielamor])hi.sm in two .sections of the province, the 
'\estern end being .so highly metamoniho.sed that it 
h.is proved exceedingly difficult in many cases to 
''Cparate the metamorphosed sediments from the 
iiKtamorphosed igneous rocks. Close mapping has 
however led to the separation of the stratified suc- 
cession under the term Saii.sar Series, which include 
^c\eral stages coiisi.stiiig of calc-graiinlites, marbles 
'11(1 ealciphyres with inangaiie.se ores, mica gneisses, 
hiotitc-sillimanite schists with gondite series, and 
nuinganesc ores, chlorite schists, dolomite marbles 
''ith serpentine, spinel, dioi)side etc., hornblende 
'^•hi.sts, garnet amphilxilites, pyroxenites, chlorite 
''Chists etc. In the eastern section the grade of 
■livtamorphism is s<^ much less intense that sedi- 
ii'cntary and igneous units arc clearly distinguish- 
able and in fact have always iK'eii mapped separately 
•‘•‘d the metamorphosed sediments have Iweii knowm 


as the Chilpi Chat Series composed mainly of 
micace()us phyllitcs with (juart/.ites and manganese 
ores and some greenstone. 

The ortho-gneisses have been sub-divided into ; 
(/) ( iranodiorite biotite-giieisscs and i>or])hyiilic and 
aiigen-giieisses, (ii) Streaky gneisses due to iutrodue- 
tion of aplitic material into (i) and into schistose 
members of the Sausrir Scries. This has been clearly 
l)roved by West, and (Hi) Later granites and i>egiua- 
tities, including the fine-grained Amla granite. 

All these gneisses are younger than the Saiisar 
Series and no hasril conglomerate to the Saii.sar 
Scries has been found, nor the floor upon which this 
series was deposited. 

The inoblem whether the Sansar Series and the 
Chilpi Ghat Series are contemporaiieons was dis- 
cussed by Fermor and the nalurc of the conglo- 
merates of the Chilpi Ghat vSeries and the similarity 
of petrographical peculiarities of the rocks of the 
two series have also been taken into due eonsideva- 
tion. From these evidences Fermor has aecepted 
that the Chiltn Ghat and Sansar Series are two 
aspects of the .same i)eriod of deposition, 'riu- inler- 
pretatioii that has been put upon this ionglonierate 
does not however appear to he very convincing and 
some more* detailed field work ma>' throw sufficient 
light on this lu'ohlein. 

I'eriiior has also accepted the Sakoli vSeries a.s 
the ecinivalent of the Chiliii Ghat .SLiies. He also 
suggests that the Sakoli beds are mainly higher in 
the .succes.sion than the Sausar Series, with possi- 
bility of a se])arating plane or zone of movement 
with downthrow of the Sakoli rocks relative to the 
.Sansar rocks. On this interpretation the Chilpi Ghat 
.Series which is equivalent both to the Sausar Series 
and to the Sakolis must have a longer upward range 
than the Sausars. 

On the lithological grounds Feinioi Miggesls 
the following correlation witli rocks in other ])arls of 
India : 

(а) I'he gonditic locks and ass^iciated inaiiga- 

iiese-f)ies of the Nagpur- Halaghat area 
• with the gonditic rocks of tlie (laiigpiii 

series in the Singhhhnm-Grissa Pro- 
vince, and of the Aravalli scries in 
Narukot and Jhabiia .Stales in the 
Rajputaiia-( riijarat Province : and also 
with the manganese-garnet -bearing 
rocks of Sakra.sanhalli in Mysore. 

(б) The black manganiferous limestone 

(Lohangi stage) of Devi in Clihindwara 
district with the black manganiferous 
limestone of Sakrasanhalli in My. sore. 

(c^ 'rile calc-granulites (Utakala stage) of the 
Sausar .Scries with the lariiritcs of 
Mysore. 
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{(i) Tlic horiiljleiidc-schistvS of Sitapar with the 
honihlfiide-scliists of Mysore. 

(e) The scliisls and streaky gneisses of the 
Xagi)ur-Malagliat area with portions of 
the Peninsular gneiss of Mysore. 

(/) The phyllites and schists of the Chilpi 
Ghat series with rocks of similar 
character in the Sakoli scries of the 
Chanda-Bastar Province, and with 
similar rocks in the Dharwars of the 
Dh a rwar- M y sore- N el 1 ore Pro v i ncc . 

(g) Allowing for differences of grades of 
met amor ph ism P'ermor is tempted to 
correlate the gonditic rocks, manganese- 
ores and associated schists, marbles 
and calc-granulites of the Saiisar Series, 
wilh the kodiiritic rocks, manganese- 
ores, khondaliles, marbles and calc- 
gianuliles of the luistern Ghats Pro- 
vince. 

According to Kerinor there appears to be little 
doubt that in general both the Satisar vSeries and the 
Chilpi Ghat Series may be regarded as equivalent 
to the Dharwars of vSouth India. Hut on account 
of the lateral changes r)f character of the Dharwars, 
he finds it rather diiricult to effect any precise c(iua- 
tion of sections of the Sausars or of the Chilpis 
with occurrences in the Dharwar-Mysore-Nellore 
Province. He also admits that it is also difficult to 
eiiuate the relatively small occurrences of hornblende- 
schist of the vSitapar stage of the Sausar vSeries with 
the much larger developments of hornblende- 
schists in ^fysore. 'fhesc intricate problems relating 
to detailed correlation of the ancient schistose forma- 
tions occurring at several ] daces in Penunsilar India 
have yet to he solved by future workers. 

N. N. Challerjee. 

A Student’s Book on Soils and Manures — by Sir 

E. J. Russki.t., D.Sc., P\R.S., Director of the 

Rothamsted Exiierinienlal vStation. 3rd Edition. 

Publi.sfied by Cambridge University Press, 1040. • 

fip. 2g6 7i'ilh index. Price Ss. 6d. net. 

The book is familiar to all students of agricul- 
tural science as also to teachers and research 
workers. It is no exaggeration to say that Sir K. J. 
Russell, through his books and writings, has acted 
for a generation as a teacher of agricultural science 
throughout the P'nglish-spcaking world. His simple 
and easy style combined with authenticity of the 
information make his writings so attractive and fruit- 
ful. This Iwok first appealed in igi5. It has been 
revised and rewritten for the present edition. As 
stated in the preface, the author has * ‘endeavoured 


to steer a straight course between the elaboration 
v\hich most students would find iiiiiiece.ssary and the 
over simplification which often leaves the student 
with a good deal to unlearn if he proceeds to a fuller 
study of the subject.** A student often finds it 
necessary but greatly difficult to unlearn much of 
what he has learnt through an unhappy choice of 
books. Not many are in a position to write books 
bearing on the subject matter of the present one 
and avoid at the same time the pitfalls. It is really 
wonderful to find how much reliable, up to date and 
balanced information has been compressed in lucid 
and easy language within the compass of the 290 
pages of the small l)ook. The book will be in- 
dispensable for students and teachers of the subject. 
The book has been mainly written for the students 
ill Britain, much of its contents is however useful 
for students in other couiilries. One cannot help 
comparing the information relating to soil condi- 
tions in Britain which can lie iffaced before a student, 
wilh that relating to Indian soils, their inanagcmciit 
and treatment with mannres and fertilisers which 
can he utilised for teaching. There is no siiiglt* 
publication which would convey a general idea of 
Indian s<.)ils and the results of treating them with 
fertilisers and manures. The dearth of authentic iii- 
forniation and the immature nature of many expeii- 
ments are undoubtedly in i)art responsible for Ihi. 
state of affairs. Besides, advisory work has scarcel.\- 
yet been undertaken in any concrete form by 11 k 
I ndian Agricultural Departments. The Indiuii 
student can only envy his British comoalriot. 

The l.KX)k is divided into four parts. Part I 
gives an account of the soil under the heads ; what 
the plant needs from the soil ; ilic composition of the 
soil ; the organic matter of the soil and the changes 
it undergoes ; the effect of climate on the soil and 
on fertility. Part II deals with the control of the 
soil under the heads ; cultivation and the control of 
soil fertility. The latter naturally constitutes the 
largest chapter in the book. Part III deals with 
fertilisers under the heads ; the food of plants ; the 
nitrogenous fertilisers ; the minor elements of pl.'iiii 
nutrition ; manures supplying organic matter (lli<^- 
simpler organic manures) ; organic manures suppl>’ 
ing plant food and humus, farmyard manure, coir, 
posts, toNvn refuse ; chalk limestone and lime ; 
manurial schemes for crops. There are appendices 
dealing with (t) field experiments using the modem 
statistical technique ; (ii) some useful data ; (ni) ferti- 
liser substances contained in crops ; and (iv) Iwoks 
and references on soils and crops for -further study 

As already stated the book is indispensable t< 
teachers and students alike. 

/. N. M, 



Leiters to the Editor 


High Frequency Properties of Soil. 

In view of llic fulurc expansion of radio in India 
a coiiipicic survey of the high frequency proi)erties 
of soil throughout the country is very necessary, 
h'or a better understanding of the nature of the II. F. 
properties of soil, such soil surveys arc generally 
extended up to ultra-short waves. Very few 
(>])servations‘’ however, have been rei)orled so 
far. Recently some exi)eriinents have been started 
ill this laboratory for the measurement of the 
dielectric constant and conductivity of dilTerent kinds 
of soil for (lifTereiit frequencies and under different 
eoiiditions. vSonie preliminary experimental results 
and a few points emerging therefrom arc contained 
in the present note. 

While the measurement of above menlioncd pro- 
perties of soil for medium and short waves by the 
usual direct methods do not present much of experi- 
inental difficulties, the same is not true for ultra- 
short waves. In the latter case the sources of error 
become more numerous. The amount of error was 
found to be as high as 20 per cent in the exjieri- 
iiiental results obtained by Rose-Smitli.’ An alter- 
native method was, however, suggested by him and 
Mqietric*, in which the actual length of the ultra- 
short waves are measured over a pair of Lecher wires 
which was immersed in soil contained in a wooden 
box. This method with certain modifications was 
nse-d by Banerjec and Jo.shi^ and also by Chakravarty 
and Khastgir,® for the measurements of the dieletric 
constant and conductivity of soil. Adopting the 
^amc method the dielectric constant and conductivity 
of a sample of local soil were determined for different 
moisture contents. The results are shown in figures 
I and 2 by means of graphs B and C respectively. 
Hiesc values were obtained for a wavelength of 4*45 
meters. 

During the performance of these experiments, it 
''■as realised by us that in spite of Ihe simplicity and 
other advantages of this method, it cannot be very 
convenient when making a survey of soil properties 


over largely extended areas, as the amount of soil 
required in this method is considerably large. 
Further, the process of sieving, drying and packing 
of such large quantities of soil would not only take 
considerable time but may be very often unsatis- 
factory. With this point in view atlempis were made 



MDi;%lun- Cuiitenl- v 
1 . 

by us to measure the dielectric constant of soil for 
ultra-short waves by the direct m(,‘asiirement of the 
capacity of a specially designed condenser when 
empty and also when packed up with soil. The 
leads of the condenser were kept as small as possible, 
and whatever capacity they po.sse.ssed, could be 
measured fairly accurate by removing the plates 
from the leads, h'or the measurement of all the 
capacities a pair of Lecher wires of suitable diameter 
and separation was used. The experimental value 
of condenser was found to agree closely with that 
calculated from its dimensions. This was further 
checked by filling the condenser with distilled water. 
The condenser w^as connected at the ends of the 
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1 , 01 -licr wires ami the variou.s cai)acitie.s were cal- KiviiiK ti.s every facility in carrying out the present 
oiil.'itcd from the iiieasiircineiils of the shifts in the work, 
resonance i>o.sitious. Errors due to correspondinj* m • t i 

cliaiiKcs in inductance were found to be considerably .aboratoi\, vS, P. Prasad 

small. Tile experimental values of dielectric con- * etc nee Lo e.i»e, H. N. SlNGu 

slant of the same .sample of soil as used in the first ‘*fua, BasuDKO Sinha. 

exiierinieiit, for different moisture contents are ' nanerjee, S. S. and J.jslii, K. l).. Sciknck and QiauRK. 

shown bv means of graph A in fig. i. 'I'hc wave- 58". 1936-37. See also, Phil. Mat;., 25, 1025, 1938. 

length used was iM5 meters. 793 / 193^ 

’ ’ Siiiith-Kose, R. I,., Pwc. Phy. Soc., 47, 923, 1935 
\Stnitli-Rose, K. I^. nnd Mcintrie, T- S i ProC. Phv 
Soc., Id. 649, 1934. 

viO 

30r 
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It will be Seen that the values of dielectric 
constant obtained by this method are higher than 
those olitained by the previous one and the increase 
is greater for higher moisture contents. This 
difl'ereiice in the two results may be due to the fact 
that in the previous method the soil was not packed 
to maximum capaL'ity and the distribution of 
moisture was not uniform throughout the entire mass 
of soil. Further, in spite of best arrangements, when 
sliding the contact over the Eccher wires for the 
measurement of wavelength, .soil was disturlx'd to 
some extent. 

Independent experiments were also performed 
to see the effect of jiacking on the value of dielectric 
constant. I'or fairly dry soil, starting with very 
loose packing the maximum capacity was reached 
and the corresponding increase was found to about 
’o'/i,. For* soil of higher moi.sture contents the in- 
crease in the value of diclectiic constant was found tf) 
be much greater. 

Further investigations are in progress. We 
are grateful to Prof. K. Prasad, B.A. (Cantab.), for 


The Distribution of the Mean for Certain Bessel 
Function Populations * 

Mckay (1932) bad .sliowm that the Be.ssel Fimc 
lion Distributions 

1-, (x)-C,e-h" I X (0 

v\ here 

TjI))""*-' P (ni+^) ■ 

and 

c 

Pa (x)- Ca e | x . K,„ I M . (-1 

I h I 

wheie 

,r-c»V+* 

‘ 2 "' h"'+‘ P{m+^)' 

were suitable for graduation in a definite region ot 
tile Pearsonian plane. It is to be noted that 

(i) is to be used when |c|>t, and further that it 
e!>o, X is to lie between o and oc and if c<o, x 
is to lie between - and o. vSimilarly (2) is to Ik 
used when |c|<i and in that case x is permitted !<• 
range from - ^ to It is also to be noted that 1' 
is a positive constant and (m }'i)>o. 

It might be liicntioncd that both in (i) and (.: 
only the index of the exponential term changes sigi' 

with .V. 

It has recently been found by the author c^f tlu 
note that the type of the distribution is conserved 
when we proceed to the distribution of the mean 
samples from (i) and ( 2 ). This follows immediatcl' 
hy the use of the method of characteristic functioiii. 

For ( 1 ), the characteristic function of the distu 
butifui law of X is given by 

O 
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LetteRvS to 

The characteristic function of the disUilmlioii 
law of the mean x of a sample of si/e n is, therefore 
eiven by 


211111 + n 


(it h - nc)* - n^J 


(4) 


whence it is apparent that the distribution law 
of X is 


x 2niii 4- n I 
|), ( X )--C, C " ( X ) 2 


wliere 


I 

l2mn + n i \b/ 


(5' 


2 mn + ri 
2 


r, ft * - 1 ) 

In the same nay the characteristic fniution (»f 
llii* distribution law of x for (2) is 


UX . , X 


'■''"O - if'' -<•.*] ('f 


Hence the characteristic function of the distribution 
law of tile mean x, of the sample of si/e u is given by 


2inn + 11 

r (i-c*)n^ T r 
L n* - (ibt ~ n)* J 


(r) 


id the distribution law of x is, therefore, given by 


_ nc 2inn + n - i 

f>,(x)-C,e *’ '(x) " IW-.v'h) 


(S) 


wliere 


211111 + n 


g (1 -c») 




211111 + n + I / 2nin + n\ 


It may incidentally be noted that if c is made zero 
■mcl b unity in (2) vve get Karl Pearson’s well-known 
Ini (x) function, viz. 

Ain- J,«" 
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iiiul, it follows inunediatcly from (oi tlui 


211111 + 11+ 1 


2hi"+u- 1 


'I'm (x) = 


Vi 


211111 + 11 - I 
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^ 1'^ Kill 11+11 - 1 
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(10) 


Statist ical 1 ,al)oratory , 

Presidency College, M. P. .SiiRiv \ST w \ 

Calcutta, b’-S-ic)4o. 

' McKii>, A. T.. liioHU’tiiUn., 24. m2. 

* Ivnrl i’enrstiii and ()tluT<. liionictrika., 21. ISI, I92t). 


Vitamins B, and Bo content ot Ata (whole wheat 
flour), White Flour, and Suji (Semolina) 

X’itamiiis H, and Ho contents of a few samples of 
bread have already been investigated in tlli^> Laliora- 
torv'. Recently we have determined tlie vitamin 
and Ho eoiiteiit of a{a, white flonr and suji. In the 
estimation of these vitamins the biological method of 
assay with young albino rats as described by (lUha 
and Cluikravorty’’ was employed. 

hive rats of each groii]), deficient in vitamins H, 
and Ho respectively, were fed with ala, white flour 
and suii rcstieclively, in 2 grammes daily dose, for 5 
weeks and their average weekly growth was deter- 
mined. ’Pile substances were produced from the 
local co-o])eralive ‘•tores. 

The results of the exjieniiients, in terms of the 
units of vitamins H, and Ho as defined by (lulia and 
Cliakravorti'^ are given hi the following table : 


.Subslancvs ! 

Tnits of 


Unit. S' of 

Tested 1 

Vitiiniin li, 


Vitamin IL 

1 

White flour 

68-5 

• 

660 

A ta 1 

50' 


32‘o 

Suji 1 

.W5 


50 


P'roni the talile it is evident that from llie stand- 
point of vitamins B, and Bo, ala is an excel itionally 
rich suKstance. The vitamin B-content of white 
flour loo is of a high order and Ixith the articles 
contain a much greater amount of vitamins B, and 
Ba than the unlHuled rice"*. The vitamin B...-content 
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of suji has however been foitiid to be negligibly 
small. 

My sincere thanks are due to the authorities of 
this firm for their help and encouragement in the 
work . 

Bk)chemical LalKiratory, 

Bengal Chemical & Phar- 
maceutical Works, Irtd., H. G. Biswas 

Calcutta, 5-(_)-iQ4o. 


‘ His was, SciKNCii ano CuU'uri:, 4, 361, 1938-39. 
* Ind. Jour. Med 20. 1045. 

^Ibhi., 21. 221 . 

Hisw.is, SciKNCK A.M) C'ci/niKii, 2 . 212, 1936-37. 


Radiation Laws and the Enumeration of the 
Wave-Functions for a Continuum. 


In the usual derivation of the radiation laws the 
number of wave-functions lying in the frequency 
range -kIr or the wave-length range A, A + dA. 
for a continuum of volume V is taken to be 

f7(v)dR (i) 




These, however, are asymptotic expressions 
(though this point is not often clearly stated). The 
problem of enumerating the wave-functams for a 
continuum more accurately than given by (i) has 
received a good deal of attention in recent theoreti- 
cal literature^ on architectural acoustics, and though 
no general solution is available, in the case of a 
cubical enclosure the value of a (r) d^ or a (A) dA to 
a third approximation is 
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The replacement of the expression (i) by the 
more exact exj>rcssion (2) will introduce correspond- 
ing small correction-terms in the radiation laws. 
Taking Stefan’s law, if u denotes the energy-density 
of the total radiation in a (cubical) enclosure of 
volume V and at a temperature T, we have, 


uV 


<;(R)fli/. \\v 


I 


and on substituting (2) and integrating 


u 


487rk<T' 

‘ h '0 



, . J £( 3 ) + I J{2) 

4 {(4) kTVf 



(3) 


where 1-43, and J (s) is the Riemann-Zeta function. 

It will lx* noticed that the energy-density is 
strictly not an intensive quantity, for it depends 
on the volume, this dependence disappearing only 

in the limit of The correction to Stefan’s 

law (as usually stated) is, as is evitlent from (^p, 
(4), ordinarily negligible, but will be appreciable 
for low temperatures ; and it is interesting at least 
from a theoretical point of view to observe that at 
extremely deep temperatures we have a wdld depar- 
ture from the usual fourth-power law. 

Lest the abo\L* (li.scussion should appear to be 
rather disconcerting in view of the supposed thermo- 
dynamical proof of the fourth-power law', it may bi‘ 
remarked tliat the theiinodynamical proof as usnall.\ 
given of the fouith-power law involves the a.ssump- 

( 8u\ 

3\'^ W'heii this aSvSumption is imi 

made we obtain 

-’'(!';)v-<0 10 

where a is constant and f is arbitrary. Kquatioii (3) 
is in accordance with (4). 

Physics Department, 

Univer.sity of Delhi. D. vS. KcrriiAEi 

Delhi, 25-8-1940. 

' R. TI. Holt, Jour. Acou.^. .S'oc, (.Xnierit'ii), l(t. 228, 19o‘' 

’ I>a1i-You .Man, Ibid., 10, 235, 1939. 

’ K. b. Mill, Ani.r, Jour. Phys., 8, 158, 1940. 

.\ls(> .see K. Ilusinii, Proc. Phvs.-Malli. .Soiicty (JcIikiii). 
21. 759, 1939. 


Debye’s Theory of Specific Heat and the 
Enumeration of the Wave-Functions 
for a Continuum 

In a previous communication^ to this journal llu- 
ellect of a more evact enumeration of the wavo- 
functioiis for a continuum on Stefan's fourth-powei 
law has been considered. In the present note the dis- 
cussion is extended to Debye’s T’-law® for the 
specific heats of solids. The number of normal 
modes of vibration lying in the frequency range 
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V. V + dv for an isotropic sf)lid in Ihc form of a athv 
of volume V is to a third approximation 




1 + y 

8 Vi|/ 87rV*r*) 


(■»» I SVJ„^8TrW| . 

wIkix* Cl is the velocity of longitudinal waves and cv. 
for transverse waves. The total eiier.ey of the soli<l 
(cube) for all possible iiukIcs of vibrations is 


I- ( 


l)v„, - kO, 


(2) 


where ^ is the Debye-characlerstic temperature, and 

Vui 

is eiveii by Debye’s assiinijUioii (r) 

o 

where N is the number of particles. Differentiating 
r with respect to T for constant volume, we have 


<(iU\ M'l'-'V; • + ^ N+ '' 
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where f 


hv 

kr‘ 


Restrictin.e oursehes to very low temperatures i.c., 
^ 'SC , we have on integration 

■^ 8 »(kTV») '3 « 

wlieie C (sj is the Riemann-Zeta function. 

rihs corn'‘ipim(U to (1) »)f tiu* jinxiouN noli". 


The inte.jj; ration of equation (;^) eives ns 



From equations ( 5 ) and ( 6 ) we have, on iie^'lect- 
iii.e terms of the (Ji'der of i/<^ comi)ared to i/'i' tt) be 
in conformity with oiir assumptinn fi/T — > made 
in inte.eratin.e ( 4 ), 


©V 


r • iij) / t> \ 

[' + U) Vki vi; 


(7) 


'riius we see that tlie coiisiaiit volume speeillc 
heat depends upon the volume of tlie .S])ecimen, and 
thoipeh the correction due to this cause is ordinarily 
altogether neKhRible, yet for deep temperatures and 
when the substance is in the form of a fine ])owder 
(small \alue of \’) the correction would be appre- 
cic.ble. 


A detailed discussion includinjL> the effect of a 
moie accurate enumeration of tiu* normal modes on 
the magnetic prot>erlies will be eiveii elsewhere. 


Physics Department, 

rniversity of Delhi. 1). S. Koj’ii'.ki 

Delhi, 

' A.Ni) CrL'iLKj;, it. 24 t), l‘.» 40 . 

‘See Saha anil Sriva^-lav.'i, 1 I'traiisi' mj Ileal, t; 14.^. 
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Need for a Planned Development of 
Broadcasting in India 


are publishing elsewhere in this issue a 
review of the Rejiori on llic Progress of Ihoad- 
laslintr in India iniblished by the (lovenimenl of 
India. A tiernsal of the report leaves one with the 
ini|)iession that at a time when broadcasting ha<l 
heeii making eiiorinous .strides in other countries the 
eovei nnieiit of this country had been pursuing a 
lialf-hearled i)olicy in regard to its development. The 
funds allocated by the (Tovernmeiit of India for 
broadcasting develoiimeiil have till now been strictly 
limited and it is doubtful if, under the circumstances 
ill wliich the All India Kadio had to work, a (piicker 
and greater development of broadcasting than what 
lias been achieved in the last few years, could have 
been expected. The Controller of Hroadcasting 
remarks that the sum of Rs. /\o lakhs available for 
develc^pment of broadcasting over an area ,^o times 
that of the British Isles and a population of 400 
Miillion is less than the money available for ]>roviding 
only a television .service to the city of London. The 
H’sull of tin's policy, or rather the lack of any policy 
has been that India still remains the lowest in the 
‘^t'ale of broadca.sting development. The latest figures 
lor tile number of listeners in this country is per 
' ".o(j<) of population and may he compared to (about) 
per same number for Kngland. The Government 
'’I this country has evidently failed to realise the 
miniense importance of broadcasting and is oblivious 
^'1 the fact that it is a powerful tool in the hands of 
■''IV Government, which knows how to use it, in 


shaping the character and liie iMililical views of a 
nation. Broadcasting is no longer a luxury ; it is a 
necessity in the cultural life of a nation. 

The tlevelopiiieiU of radi«) and its fuller ntilivSa- 
tioii on a wider and idaiiiied basis has .special 
signilicaiice for India. Tlie root cause of the back- 
wardness of this country in almost evc*ry sphere of 
life is ignorance and poverty, and, these two act and 
react on each other. There is the peri)etual vicious 
circle of ignorance leading j^overty and poverty 
standing in the way «)f dispelling ignorance. There 
is, however, at least oir- country in the world, the 
Tb vS. S. R., whose problems are not very different 
from those of India but which has been able, by 
Strenuous cflForts, to break this vicious chain. And, 
one of the most powerful t<>ols employed by this 
country for the pnrp(»se has been the extensive use 
'of radio amongst tlie rural population.* The first 
step towards dispelling ignorance .and snjierstition 
among.st the masses, handed down from generatifin 
to generation, and ineuleating progressive i<lens in 
their minds is to devise a scheme by which they can 
he talked to, taught and advised with sym])athy and 
understanding— not once or twice hut continuously 
day after day and year after year. Any ordinary 
scheme like that of co\eriiig- the rural areas with a 
network of schools for adult education is olndously 
impossible on account of its tremendously expensive 
nature. The only scheme which is practicable and 
which will not he of prohibitive cost is one of 
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Icachins^ the masses lll^{>lI.^h radio. If the Oovern- 
inciit laiiTiehes upon a well-planned scheme for this 
purpose, they would not he doiii” a thinii which has 
not heen tried elsewhere. As hinted ahove, it has 
been used with Sf> .meat a success hy the IT. vS. S. R. 
that their Ooverinneiit is determined io continue 
making its fullest use till it strikes at the very root 
of i.enorance and poverty, the erealesl curse of the 
{jcasaiit ('lass who forms the haokhone of a nation. 
We are .ylad to note that the A. I. R. have 
made attempts in this direction by iiistallin.£> what 
may be called community receivers. vSuch sporadic 
attem])ts are, however, of little value and we think 
that the time has ('ome for the Government to launc'h 
a properly planned scheme for installation of com- 
munity receivers throughout the whole country. 

S(^MIC SUC'.OKSTIONS 

We may perhaps Ik? permitted to make a few 
definite suggestions to the riovernment in regard to 
broadcastin.g development as we have spent some 
thought on the subiect. In making the suggestions 
wc would be drawiiyg freely on the recommendations 
made by the Communication .Services Sub-Committee 
of the Xational Planning Committee. 

1. The Government should adopt a definite policy 
in regard to the fullest utilisation of the broad 
casting service for rural uplift work as is being 
done by the IT. S. .S. R. which had been faced 
with problems .similar to those in this country. 

2. A representative IxmIv called the Central Rroad- 
casting Advisory Council should Ix' set up, the 
function of which would be to advise the 
Government in regard to the policy of exi)an- 
sion of the service in all its branches. M'he 
Council should be a representative ptiblic body 
drawn mainly from men and women outside 
the Government and consisting of scientists, 
educationists and outstanding figures in public ' 
life. It will be incumbent on the Government 
to pay due regard to the advice of this IkhW in 
formulatin.g their poli(\v. Our object in pro- 
posing this Council is that, because of its 
immense scope in nation-building work, the 
respon.sibility of formulating the policy of 
development ought to he in the hands of an 
equally responsible public body commanding 
the country’s confidence. 

3. Since the fullest utilisation of the service de- 
pends upon the nature of the programme, it is 
suggested that there should be a Central 


Programme Board which will lay down from 
time to lime the general policy of the national 
programmes. There should also be Provincial 
Boards wliich would indicate the subjects 
which are of immediate benefit to the rural 
and urban population of the provinces or 
regions concerned. 

4 . The service should be expanded to give first 
grade reception, if not over the whole of India, 
at least over its ]K>piilous parts. 

5. Broadcasting service is not of much use with- 
out a wide distribution (^f receivers. At present 
the cost of even the lowest priced receiver is 
beyond the means of the middle class peoi)le, 
wlio should form the bulk of listeners. It is 
therefore of utmost importance that chca]i 
receivers should be made available and a diivi- 
should be made for increasing their number 
from 3‘3 per 10,000 to per 1,000 in course of 
next ten years. For this i)ur[)()se it will l)e 
necessary to investi.gate on the manufacture airl 
distribution of cheap people’s sets. 

6. There .should lx wide installation of coTniminilx 
receivers on a planned basis. Kach Provincial 
Government should appoint an agency whose 
duty would be to do i)n.)paganda work in this 
connection. 

7. The Research Deparlineiit should be streiigtli- 
ened for carrying on elficiently researches of :i 
technical nature which are of immediate ini- 
porlance to the enginecrin.g side of broad 
casting. 

S. A Radio Research Board on lines similar to those 
in Kngland should be established for carryinu 
on investigations on problems of a fundamcnlnl 
nature, specially those peculiar to the counlrv, 
in collalxration with universities and otliei 
research institutions where eciuipments foi 
such work are available.* 

'Hie above plan of development may be made on a 
lo-ycar basis and an adccpiate sum should be set apart 
for the purpose. Considering that only Rs. 40 lakhs 
havx been spent for the i)resent development, a .sum 
of 4 crores of rupee.s, for the purpose, spread ovei 
ten years is not certainly extravagant. We arc 
strongly of o])inion that the allocation of funds fo* 
broadcasting development should not be made on a 
rigid profit and lost basis. 

•The necessity of establishing a Rndio Research Bo^id 
has already been discu.ssed in this journal and the readt r 
is referred to Vol. 2, pages 469-72, 1936-37. 



Progress of Broadcasting in India 


pOR the first time since tq.S2, when the Govern- 
ment of India definitely decided to continue the 
l)roadcasting service under State nianai^einent, the 
Controller of Broadcasting has published a Report* 
on the working of All India Radio, extending to 
March 31, 1039. Though presented in the form of 
ail annual report, the present volume includes a his- 
torical survey of the development of broadcasting in 
this country. 


HiSTtJRY OF Tirii Dhvki.ofmknt 

The history of organised broadcasting in India 
t.lales back to 1927 when the Indian Broadcasting 
Company, started as a purely commercial concern, 
ojieiied their transmitting stations at Calcutta and 
Hombay. The next five years saw very little progress. 
In the company went into liciuidation and the 
C,(,vernment of India was urged to take up the work. 
'Pile (h)veriinient however could not come to any 
»lecision until 1932, when they finally made up their 
mind to continue the service under vState nianage- 
iiieiit. Like many other activities of the Government 
of India in the scientific ami technical spheres, the 
I'Togress, even after 1932, was extremely slow'. .Some 
.'ulvancemeiit however has been achieved since 1935 
when the Goveniineiit decided to allot a sum of Rs. 20 
lakhs for the development of broadcasting and a sepa- 
late office of Controller of Broadcasting was created 
under the Department of Industries and Labour of the 
f •overiiiiienl of India. The first controller to l>c ap- 
pointed was Mr Lionel Fieldeii, recruited from the 
Ihilish Broadcasting Corporation. In the next year 
a further grant of Us. 20 lakhs (making a total of 
Ks. 40 lakhs) w-as made for the same purtiose and the 
services of Mr H. L. Kirkc of the B. B. C. w’as 
u quisitioned for working out a scheme of expansion 
<'f broadcasting in India. The present volume gives 
a resume of the development scheme put forward by 
Mr Kirke, and the later modifications suggested by 
die Chief Engineer, Mr Goyder. This is followed by 
111 account of the activities of the department, such 

* Report on the Prog/ess 0/ Broadcasting in India. 
I 'il>lished by the Manager of Publications, Government of 
liMlia, Delhi, 1940. Price Rs. 3’ or 5 shillings. 


as programme composition, mainlciiaiice of public 
relations, general administration and technical and 
research work. 

In drawing up the scheme for the expenditure 
of Rs. 40 lakhs, Mr Kirke rightly observed that the 
Service which can be given to India for this paltry 
sum inusl he very [)oor indeed as comtiarcd with that 
given in western countries. As an inslanco, he men- 
tions that in luirope, which may be compared with 
India from the jxnnt of view of size and coverage, 
there are over k.k) high and niedinm power stations 
representing a total cost of nearly 10 crores of rupees. 

Mr Kirke recommended the establishment of 
Seven medium wave stations (in addition to those 
existing at Delhi, Calcutta and Bombay) 'and one 
short wave station at Delhi for the transmission of 
news from a central i>oint. He also j imposed that one 
medium wave statical of 100 k\V power, live stations of 
5 kW ])ower and two static:)ns of 2 k\V power should 
be established in various centres. It was estimated 
that the scheme would provide a service area giving 
a signal strength of 10 milli-volts per metre to 14 
million peoj)le and a signal strength of 3 milli-volts 
per metre to abuit 35 million i)eoi>le, though, in the 
light of later experience, it has been found that Mr 
Kirke’s estimates were rather too optimistic. Ilis 
report also stressed the necessity of setting up a 
icsearch department to iinderlake such work as field 
strength iiieasuienienls, transmission tests, collection 
cj information regarding atmospheric disturbances 
and the development of radio links. Mr Kirke also 
, .suggested that a Chief h'ngiiieer shciuld lit appointed 
W’ithc>ul delay to su jeer vise the technical and research 
departments. I'lie general policy underlying the 
recommendations was “based on a comiiromise Ix:- 
twceii providing a service to urban areas from whicli 
licence revciiiies may be anticipated, and providing 
such service to rural areas as may be olTset in cost by 
the revenue olitaiiied from the urban areas”. This 
somewhat mercenary ])olicy of regarding the State 
Broadcasting Service as more or less a commercial 
iiiidertakiiig and not as a social service, was attempted 
to lx? jirslified on the ground that if broadcasting 
is to develop in this land, “the service must have a 
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life of its own aiul strcn;.illi to survive hn(lt*etary 
fliiciiiatioiis”. 

Io)llowiii.L'. liie ivcommeiklalioiis of Mr Kirke, Mr 
C. \\\ ('.oyder, formerly of Ills British Broadcasting 
Corporation, was apixnnted Chief luigiiieer in 1036. 
Mr (i(>\'<Ier tlid not fully a^ree to the proposals of Mi 
Kirke in e-oii cent rating n])on niediiiin wave transmit- 
ters which would make it possible to cover only a 
small percentage of the total area of the country, 
with the funds allotted by the (iovernnient. lie pul 
fenward an alternative scheme of providing a basic 
shoil wave service even though of a somewhat inferior 
grade, to the whole of India, and then supplementing 
the .same with first grade medium wave service at 
important centres which may be gradually extended 
as, and when, further funds become available. It 
remarkable that Mr Kirke’s full report never Siuv the 
light of the day nor are the public aware if the 
('.overnineiit of India considered it iiecessiiry and 
pnjper to consult Mr Kirke before deciding uixm the 
alternative .stdieiue suggested by Mr (h)yder. On too 
many occasions .specialists are readily imported from 
(.>reat Britain to render advice in connection with 
particular inoblems or development schemes and the 
reports submitted by these experts are pigeon-holed 
in the archives of the (luvernment. We do not know 
if the (h)vernment realises that the imblie funds si)ent 
in importing such specialists serve scarcely any useful 
purpose if their reports are only of academic value 
and the ('loverniiient does not lind it j[)Ossiblc to make 
much use t>f them. 

An a result of discussions between the Clovern- 
meiit of India and bocal Governments it was decided 
to modify the schenie of Mr Kirke and start, in addi- 
tion to the already existing medium wave stations at 
Delhi, Bombay, Calcutta and Peshawar, four 10 kW 
short wave transmitters at Delhi, Bombay, Calcutta 
and Madras which coultl be regarded as almost cover- 
ing the whole of India and providing a service (second 
grade) which wc^uld not l>e unsatisfactory to the 
average listener. The modilkxl scheme also made 
provision for 5 k\V medium wave stations at bahorc, 
Jgicknow, Dacca and Trichiiiopoly anil a 5 kW short 
wave station at Delhi. The new transmitters were 
ordered in January 1937 and have since come into 
operation. 

At the time of formation of the Indian State 
Broadcasting vService the engineering and technical 
control was vested in the Posts and Telegraphs Depart- 
ment Init, following the recommendations of the Kirke 


report, these activities were rc-traiisfcrred to 2\11 India 
Radio tn avoid divided control between administration 
and engineering. The activities of the engineering 
department have been concerned with the ])lanning, 
installation, maintenance and oiieratioii of broad- 
casting centres. 

R K .SHA R C 1 1 DK 1*ARTM l< NT 

Pursuant to the report of Mr. Kirke a research 
section was added to All India Radio in 1937. ^I'he 
.section consists of a research engineer and a technical 
.'italT, and is rerpiired t«) colIal)orate with the engineer- 
ing department. It is fit and proper that the All 
India Radio should maintain such a deparlnieiil. 
Re.search is the fountain head of progress and without 
it all devxdoi)ment comes ipiickly to a standstill. 
Unfortunately, the attitude towards re.search in tluV 
country, even of men wlio ought to know better, is 
sometimes di. stressing. There are men who .styK 
IheiiLselves as “practical men” or “men of action”, 
who think that re.search is only an academic affair and 
has little bearing 011 the successful maintenance of a 
technical service. They are of opinion that once the 
reipiisile machineries have been installed and the thing 
has been set going one need not iMither oneself about 
research. If the machines wear out they are simjilv 
to be rejdaeed by importing fresh ones; if any iiii- 
proveineiit is desired that can he easily achieved I).v 
hringiiig from abroad newer types of machines of llu. 
latest moilels. These so-called men of action are all 
clever iicoi)le and it is dilhcult to believe that they 
do not know the far-reaching importance of research ; 
in their own countries they mii.st have seen aiiipk 
evidence of it. Vet, whenever the (piestiou of carry- 
ing on research in India us raised, they develop Ibis 
practical frame of mind and maintain that if any 
research work is to he done let that be done at 
Home; here in India we need only utilise the fruits 
of these researches. One wonders how such clever 
people could be ignorant of the fact that there arc 
problems, the .solutions; of which can only be obtained 
by intensive re.search in the country of their origin- 
'riiis is particularly true in the case of problems con- 
nected with broadcasting development and we may 
(piote here in this coiiiiection the opinion expressed by 
some very famous Scientific men of England.* Says Dr 
E. V. Appleton ; “India has its own radio problems 
the .solutions of which depend upon workers in India. 
This cannot follow from work carried out in other 

♦See ScuiNC.K and CutiuKK, /, 755 , 1936 - 37 . 
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]>arts of the world*’. Sir Frank K. Smith says, “The 
jiroblems associated with the field Strength of received 
.igiials at different times of the days and at different 
easons of the year with different wavelengths and 
with different aerials are examples of those of a hx'al 
nature which can only be solved by work in the 
ixjiintry desiring information”. Sir Richard Gregory 
ilwlitor of Nature, since retired) says, “It does 
not seem to be realised by ixople in power in India 
ilial every country has its own problems in regartl to 
satisfactory transmission and reception of broadcasting 
and that this can only be solved by systematic study 
(if the conditions in different jiarts of the country”. 
We therefore repeat that the All Imlia Radio moved 
in the right direction when it decided to establish a 
research department, be that only as an appendage 
(if the engineering section. 

A periisiil of the Report shows that the research 
(K jiartnient has undertaken the study of subjects like 
liiUl strength measurement, atmospherics, design of 
nllage receivers, studio design and the ionosphere. 
Ctaisidering the iiien aiul money at the disposal of 
All India Radio it is indeed an ambitious programme. 
We doubt if the research deiiartinent of the H. B. C. 
at Nightingale S(iuarc with its large resources would 
dare undertake such a programme which is a com- 
iiinatioii of its own with that of the Radio RcvSearcJi 
lizard. A problem like acoustic properties of a studio 
Is a technical problem directly concerned with the 
operation of a broadcasting centre and, as such, 
naturally falls within the scope of the research 
dL‘i)artment. But it may be questioned if the research 
department can do justice to subjects like atmos- 
plierics or the study of the ionosphere which fall 
'\ilhin the category of geophysics and which, like all 
Ollier subjects in this category — meteorology and 
seismology for instance — ^require long continued 
observations for their elucidation and for abstracting 
any data regarding their nature and behaviour which 
"lay be of practical use. We are sure the dcpartmciit 
realises that it is fallacious to draw any general con- 
clusion from a record of observations made at a 
piuticular place for a few days in the year. If it is 
thought that the necessary knowledge about the 
origin and distribution of the Indian atmospherics 
(for instance) have been gained from the .set of curves 
kd'/Lii on page loo, the position would be the same if 
bic India Meteorological Department were to claim 
d they know all that is necessary to know about 
Indian climatic conditions as they have records of, 
the rainfall, the temperature and the mean 


wind velocity at Delhi for some "'seT’CCtcd months 
of a jiarticular year. We venture to rL-mark 
that it is only from a close analysis of records 
kept over long periods by observational .stations 
proi)erly di.stribnted over different parts of the 
country according to their climatic iieculiarities 
that one can hope to oldain any reliable information 
which may be of jiractical value for subjects like 
ionospheric condition, atmospherics or the angle 
<ff incidence of downconiing waves from outside 
stations. Here we anticipate a retort from the All 
India Radio. We hear them .saying, “W'e know all 
these; we know the impoiiaiice of .synoptic studies of 
phenomena connected with railio wave propagation ; 

I ut yon cannot exiiect us to carry out a inogramme 
of observations on a grand .scale as suggested by you 
with the men and money at our disposal.** We 
thoroughly agree with tliis. But, under ordinary cir- 
cumstances, W'hat does a man do when he is short of 
resources? He seeks co-operation. We therefore 
ask, “Has the All India Radio at any time .sought the 
co-operation of or has sngge.sted establishment of an 
organisation through which such co-operatioh could 
be lirought alwiut between the research department of 
All India Radio on the one hand and the scientific 
institutions of the country on the other, at which 
many of the problems mentioned above were being 
inve.sligated long before the All India Radio came 
into existence?” We find that under the stress of the 
war the Government of India have thought fit to bring 
into existence a Boanl of .Scientific and Industrial 
Research the aim of which is to mobilise the scientific 
talents and the research institutions of the country 
for investigations on subjects of immediate importance 
to the war. \\\? wonder why the All India Radio 
has not moved in similar lines ami .sponsored the 
formation of a Radio Rc.search Board which would 
act as a sort of clearing house of urgent problems by 
distributing them to the universities and other 
Vi.slitutions which have l>eeu carrying on ’investiga- 
tions on similar proldciiis. Such a co-operation ’will 
be extremely helpful, not only for ilie present hut 
also for future development of radio in this country. 

Apropos the publication of the results of in- 
vestigations carrierl out by the research department 
we would like to make a few observations. We see, 
from time to lime, amioimcemeiils regarding the 
researches carried out in the popular journals or in 
reports submitted to the Government. But we look in 
vain for any technical account of the same in scientific 
journals. Such descriptions of the researches of the 
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(IcparliiKiit on vilhii'C receivers, on atinosi>hcrics, on 
I)ulse rccincls woiiM lie extremely useful and iiii- 
portaiil. 'rile 11. 11. C. for instance, adopts a coni- 
ineiidalile practice in this connection. They publish 
technical accounts of the investigations on which they 
ba.se the (le.si.mnn.e of their new undertakings. We 
read with (‘onsiderable interest in a recent issue of the 
Journal oj the I. l\. E. a paper embodying results 
of investigations carried out by them on the 
design of suitable aerials and feeder systems for 
lunpire broadcasting. We would liave certainly liked 
such a technical paper from the research department 
of A. I. R. on the inve.stigations which, we believe, 
they must have made before they decided upon the 
type of aerials and their locations above the ground, 
the wavelengths to be ii.scd and the sites for the 
erection of transmitters, for the very novel type of 
service they introduced, namely, serving up to a dis- 
tance of iSoo km. around the transmitter with indirect 
ray using wave-lengths in the Oo and go kni. liiinds. 
We must confess that the sketchy account of the re- 
y^-arches given in the Nehort (jip. 02-95) is not only 
<lisappoiiiting hut also confusing. It can neither be 
understood by the lay public, nor, can in the least 
satisfy the technical expert. 

Tkciimcwi. Tr.mmnt; 

We note that there is arrangement for training 
of two iiunibers at a time in the programme side, at 
the II. 11. C. This is a very desirable arrange- 
ment as the highly developed B. B. C. organisidion 
affords uiii(iue opportunity to the A. 1. R. staff for 
learning eveiy aspect of broadcasting. We only 
wonder why this arrangement is confined only to the 
programme section. We believe there is equal, if 


not better, scojie for training for the young techiii 
cians of the A. I. R. in the engineering and research 
sections of the B. B. C. If the scheme for training 
could be framed and worked successfully for tlu 
administrative side, there is no reason why it should 
not be so for the engineering and research sections. 
We cannot hell) noting in this connection that in tliL 
matter of pay and prospects also men in the pro- 
gramme side are given preference to men of similar, 
or better (pialifications, in the engineering and re- 
search sections. It is difficult, for instance, to 
appreciate the difference between the scales of pay 0; 
a programme a.ssi.stant and a technical assistant. 

CoxchUSiON 

In concluding our review we would mention thai 
the Report issued by the Controller is a most readable 
one and contains a variety of information which is 
otherwise not available. There are tables, charts, 
gra|ihs and diagrams depicting the re.sults of obseiwa- 
tions anil enquiries. We read with particular interesl 
the comments made by the author of the Report on 
the language difficulties in this country and also his 
enumeration of the various viewpoints* taken in thiy. 
connection, by men of different schools of thought 
(p. 67). Ilis remarks regarding classical and light 
music and the po.ssibility of orchestration and <>r 
introducing harmony in Indian music are worth con- 
sidering (p. 25). These views, coming as they arc 
from a foreigner who had an opportunity of looking 
at the (luestions from a dispri...sionate viewpoint, io\ 
particularly valuable as they show what an outsidu 
thinks of the social and cultural problems with which 
we are faced in India. 



Role of Mathematics in Economic Statistics 

H. SlNHA 

Deparlmenl oj Economics, Calcutta University. 


|^TyMOL()<'.rCALI<Y as well as liistotically, there 
is an intimate relation between ‘\State” aiul 
“ Statistics”. It is no wonder therefore that 
iu'onomic Statistics forms a large part (jf the sul)- 
ja't. Jn early days, statistics meant economit' 
M.itislics alone, — not only in the days of the Arlha- 
S^isini by Kaulilya, nor even in the days of the 
.lin-i-Jkbari by Abnl-Kazl, but even in the days of 
J'oUiiral A rilhmctick by Sir William Petty, b'veii at 
the present time the importance of economic .statistics 
c.'iiniot lx* overrated. With the gradual develoi>- 
iiunt in other branches of the subject, economic 
statistics has also continued to advance. Formerly 
it meant simply averages, diagrammatic presentation 
of (lata already collected, but now it has attained 
I’leater practical importance as the results of sample 
economic .surveys are being api)lied to large ”popula- 
tions” in accordance with the theory of probability. 


Random vSvmi'i.e Survky 

'I'liis is of great practical importance for two 
reasons, viz., on grounds of economy in expeiidittire 
:m«l in time. In the.se days of rapid changes, a 
(iimplcte enumeration may involve .so much delay 
that by the time the iiKpiiry has been comideted 
with meticulous care, the conditions investigated 
may have changed so greatly that the results 
oltlained are of no practical u.se whatsoever. The 
nil Klei n mathematical theory of sampling has been 
I’nl on a .satisfactory fooling only a generation ago. 
With the discovery of the X'‘*-test by Karl Pearson 
ill iQoo. But the application of the samiding theory 
economic data is beset with many diniculties. 
I'iie “population” is generally extremely tinstable 
iind the variance does not remain substantially the 
SMiiie over time. The purely random errors are not 
swlTiciently small to provide a suitable criterion for 

* Adapted from an address delivered before tlie Calcutta 
^hitliematical Society. 


judging the character of systematic variations. 
More light is needed frnm niatheiiialicians in order 
that sampling may be resorted to with eonlideiice in 
economics. 


Ini>kx Nu.mmkk 

Ixl ns consider for instance the problem of 
index numbers of ])ric'es, wliicb is of vital importance 
in et'oiiomics for measuring the value c)f money. So 
far as the ptirely economic aspect is t‘oiicerned, that 
has been put ou a satisfactory basis l)y Keynes 
nearly ten years ago. The dilTerenl uses of money 
-- for Inlying goods and services for consumption, 
lor settling debts, for carrying on speculative 
transactions etc., have been gone into in detail and 
appropriate series (jf index numbers have been 
evolved. But much remains to be done in the 
matlienialical aspect of the subject. 


Bask Pkriod 

The lir.st iirohleiii is that of tlie base i»eriod, 
with reference to wliieh variations in ])n(*es are to 
be studied. It lias lieeii said by .soiiielxuly, — not an 
economist, that twelve economists have lliirteen 
opinions. But so far as the (luestion of the ‘base 
period is concerned, there is a snbMantial niea.siire 
of agreement aniniig economists. Internally, price 
and cost should lie at a iiarity in order that entre- 
brenvurs may continue to produce at a steady rate, 
there being no stimulus of windfall profit to increase 
their production, nor any brake of windfall loss to 
curtail their oiili)iit. Similarly the conditions of 
external e(iuilibriimi have been formulalcd. But 
there still remains the serious and difficult problem 
of interpreting such conditions of external and 
internal e(|uihbrium in terms of available .statistics 
not only in India but even in advanced countries. 
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W'KlCimNG 

Another difficulty arises out of the fact that all 
prices are not e(]ually important. Appropriate 
weights must therefore he ai)plied before averai»inK* 
But how to do so? The relative importance of the 
"oods and services in the base iK'riod niii»ht have 
been dilTereiit from that in tlie i)eriod under con- 
sideration. What set of weights is then to be 
chosen ? Here also the economics has been worked 
out ])>■ Cournot as early as iS.^8. At any given 
time, the relative <iuantities must be functions of 
])rices. If butter is very dear, margarine will have 
to be consumed in jdace of butter. This is (juite 
evident. Both from the point of view of demand 
and from the ixniil of view of supply, substantial 
advance has lieeii made in the princiide of equi- 
valence or sul)stitution in economic theory. But 
even with the help of n-dimensional space, the 
system of indifference curves rei)rescnting bundles 
of gofxls and services yielding the same utility has 
not been satisfactorily studied. But until that is 
done, ‘^weights” cannot l)e exi)ressed as functions 
of prices and there must remain the present conflict 
between weights in the base period and weights in 
the pcri(Kl under consideration. 

Avkragtno 

There remains also the problem of averaging. 
It mu.st Ik* remembered that the price data are 
extremely intractable and that for two reasons, 
firstly because they do not constitute a normal 
“p<^>Ptilation*’ and secondly lK*cause they are 
mutually correlated. Some atteinids have been 
made by mathematicians either to “normalise” data 
which arc not nonnal, or to make sonic allowance 
for the absence of “normalcy”. But no successful 
efforts have as yet been made to develoj) the theory 
of distribution of correlated items. If inathemati-, 
cianS continue to interest themselves only in abstrac- 
tions, they have no right to blame economic 
.statisticians. For the latter are only too conscious 
of imperfections in their methods which they try to 
improve as best as they may. 

Tbtk vSkriks and IIkteroc.knkity 

In economics mo.st of the data arc in the form 
of time series and are therefore mutually correlated, 
thus violating, as stated above, the basic assump- 
tion of independence required for the application of 


the probability theory on which all modem statistical 
tools are founded. The “population” again does 
not remain stable throughout. If we have a series 
of value figures, say for the foreign trade of a 
country, we cannot assume that the inirchasiiij.: 
power of money has remained the same throughout. 
'J'he number of inhabitants of a country may haw 
gone up in the meantime so that the aggregate con- 
sumption has also increased but the consumption 
per head may have declined. 'Phis is sound common 
sense. But this common sense is conspicuoiis'b 
ab.sent when it is argued that iK'cause there has been 
an increase in the nunilK*r of scIkhiIs, in the niimlKr 
of school-going children, and in the amount spent 
oil eleinentary education, there has neceSvSarily been 
educational advancetnent, for it is obvious that if 
the number of children of school-going age has 
increased to a larger extent than the number of 
children actually going to school, there has in fact 
l)een a set-back to elementary education in the 
con n t ry concern ed . 

PoMCY OK Divide and Rui.e 

The close connection lK*lween “State” and 
“Statistics” has already been refeired to. bike an 
astute statesman, an economic statistician divider 

and rules. Thus in the case of value data, lie 

divides them by the appropriate index number of 
prices, and with these ratios or what he calls 

“deflated values”, he lords it over undismayed hv 

heterogeneity. vSiniilarly In. reduces con.simq)lion 
to a /5cr capita basis by simple division so as to .nei 
a comparable set of figures. In the case of the la^t 
instance he divides the number of children actnallv 
going to the school by number of children of school- 
going age, and v orks with the ratios thus olilained. 

vST.vric AND Dynamic Konomics 

But a policy of divide and rule is successful only 
in the short run. WT* often have to pay very dearly 
for political short-cuts. Similarly in economic 
statistics, the pnx'ess of simple division fails to 
reduce the data to homogeneity, if they cover a 
fairly long period. For there is an inherent assuinp 
tion about other things remaining the same, which 
is not always valid in practice. Economic statisti- 
cians have by now realized the futility of cla.ssical 
or statistical economics, in which the forces of demand 
and supply and all other economic forces have full 
play, resulting into a condition of substantial eiinib- 
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hriutii, a small departure from which under the 
Mress of a limited number of disturbing factor is the 
Hilly subject matter of study. They have now come 
to know the importance of dynamic economics, that 
is to say, conditions actually ruling in a stage of 
(liseciuilibrium intervening between one i»osition of 
ciinilibrium and another. Thus changes or fluctua- 
lions have now become of vital importance in 
(.cononiics. 

iMl'ORTANCK OF SkkIAI, vStATISTICS 

'I'liis is also desirable from the strictly niathe- 
iii:iti('al point of view, h'or, as stated above, since 
tlic theory of distribution for mutually correlated 
items has not been fully worked out, it is clearly 
desirable to get rid of the interconnections as far as 
jiossible so as to be able to treat the residuals as 
laiidom samples. I'or it must be remembered that 
tliis difliculty conlronts not only economic statistics 
hut many other types of serial statistics handled 
he sociologists, l)iologists, doctois, jinldic health 
woikers etc. 'fhe techni(|Ue of analysis followed by 
Lvoiiomic statisticians may therefore i)rove to be of 
some use to a large body <d statisticians', although 
the account given here must necessarily be very 
brief. 


UcoNOMic Cyci.ks 

The various changes in a lime series have l)een 
.iiialysed int (7 four conii>oneiits ; (a) secular trend ; 

(/>) cyclical movements ; (c) periodic including 

xasonal factors ; (d) irregular lluctuatioiis. At the 
Hist sight, it may seem rather incongrimus that 
laclical movements and i)eriodic factors have been 
sej)arately classed. The fact is that economic cycles 
liave neither their i)eriod nor their am])litude 
< atirely the .same throughout. On the other hand, 
^uch movements can scarcely be called random in 
\ie\\ of the fact that the cycle at any time is 
inllncnced by the state of business during the 
I 'receding lew months and does in its own turn affect 
•he state of business during the succeeding fen’ 
"loiiths. Whether we accetd or not the “self- 
-iierative” theory enunciated by W. C. Mitchell, 
die doyen among cycle investigators, there is no 
'H'ubi whatsoever that there are a series of ups and 
' ’"ns in most economic activity although such 
: 'dsalions do not proceed with the regularity of a 
I'cndulum. 

2 


SKASONAIv h'ACTOKS 

Periodic factors on the other hand repeat them- 
selves with substantial similarity at regular intervals. 
Probably the type of periodic movement which has 
engaged the greatest attention is sea.sonal vaiiatioii. 
Here the pattern is repealed within an interval of 
one year in each case. The chief reason is the 
earth’s annual motion round the sun, ]>ringing about 
variation in temi)eratiire, rainfall, insolation etc., 
which affect not (uily industries such as agriculture 
and hitilding conslriiclion, but also industries 
catering to the manifold consnm]>tion needs of the 
modern sot'iety ami the accom]>an> ing currency and 
exchange prohlems. In such cases the climatic 
factors are less ])n)nonnced, but their i)lacc is taken 
11] > by conventional seasonal factors such as religious 
festivals, r.g. , the Pujali, Id or Christmas and 
business practices sncli as periodical closing of books 
and preparation of lialance sheets. As summed up 
by Simon Kir/nets in bis monumental work on 
Seasonal \^ariations in Intiusfry ami Tiadc (p. lo), 
“Social life, like individual life, runs in grooves set 
bv habits and customs, many of which spell 
recurrent modifications in the rate of economic 
activity.” 

Skcuear TkiCnd 

Mitchell in liis scht>laily treatise on liusiness 
('vrIes sinus Uj) the features of the secular trend in 
the following words: “bines of secular trend show 
the effects of causes which, though subject to 
change at any moment, liave influenced an economic 
]>rocess in some legiilar or regularly acting way 
through i)eriods of time long in comi)arisoii with 
business cycles.” The lack of precision is apparent 
bn! nnfortnnatey the dellnitinn cannot 1 u* improved 
upon. Two distinct methods of approach have been 
• develoiied. One is based on what is calfed the law 
of growth. For instance, in the^ Journal of the 
American Slatisiical Association for 1022, Mr K. P. 
Prescott argues that every economic process has an 
initial period of experimentation, a subse(|nent 
period of growth into social fabric, a third stage 
during which this rate of growth is successively 
accelerated, liecomcs stationary and retarded, and a 
final stage in which there is no further growth. He 
therefore seeks to rcinesent liend.s by Gbnipcrtz or 
Logistic Curves. .-Xpart from the fact ‘ that this 
“law” is largely speculative, it cannot be applied to 
many series, for which however there seem to be 
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trends, e.g., index number of prices. Another 
mcthcxl of iii)i)roach, which is usually resorted to, 
hits on an einpiiical law from a study of the data 
themselves, the tecliniciue is bewildering in its 
diversity. To (juote from Ihisiucss Cycles once 
again; ‘*In the same piece of work, an investigator 
may fit a slraighl line to f)nL* series, a tiarabola to a 
seconil, compute three-year moving medians of a 
third and seven-year moving arithmetic means of a 
fourth, run a freehand curve through a fifth, use 
ratios to some other series for a sixth and devise 
some novel method for i seveiitli. He may even use 
two or three unlike methods of determining the 
treiiil in different secti(.)iis of the sfuiie series !“ 
Mveii if we make allowance for the fact that the 
business cycle investigators are concerned not with 
studying secular trends but with eliminating them 
S(^ as to get at the re<iuired cvciic fluctualiims, even 
then we must agree that there is enough scope for 
improvement in methods for delei mining not only 
Secular trends but also seasonal, cyclic and irregular 
factors. 

b K \ ST SqI I ,\ K !• 1 '' 1 TT I N( i 

'I'o give <»nly one instance, in least scpiaiv 
fitting, We assume that whatever error there is to be 
found in the ordinates, the abscissae is absolutely 
correct. In the case of the demand curve or of the 
su])])!y curve, the error is associated iKjth with 
(luantity and with price. luonoinic statisticians 


have fitted straight lines such that the sum of the 
s(iuares, not of the y-deviations but of the perpeiidi 
cular distances, is the least possible. Hut mathe 
maticians* have not yet given ns any indication 
with regard to the standard error of the gradieni 
c*f such lines. For higher degree curves, the method 
has not been worked out at all, probably liecause 
there may be more tiiaii one normal to such curws 
from an external point. 

CONCI.tJSlON 

The al^)ve account incomplete and discursive as 
it is, nevertheless points to the fascinations as well 
as to the risks in the study of economic .statistics. 
Here is a field wdiicli calls for acute matliematic.d 
sense, for it is mathematicians who can replace the 
present subjective methods by accurate objective ]m«) 
cesses. Tbe praetical impentance of siicli a studv 
cannot be over-einphasi/.ed. To give only oiu- 
instance, if we can form accurate notions about the 
behaviour of time series, wx* should be able to fou- 
cast the general trend of business and avoid malad- 
justments in economic life now’ causing untold 
human misery. How unsatisfactory onr ])resenl 
slate of knowdedge on the subject is may be infein d 
from this otic fact that not even one econoiun 
statistician could give us any tiinvlv warning about 
the Orcat Depressirm of ta'.»g. It is lime that oui 
techni(iiic for studying economic statistics should !». 
imi)rovcd. 
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author of this article was awaideil by the 
I Jiiversily of Calcutta a tihose Travelling 
i ellowship in Science for sliulyiiig the 

u-iviit (levelopnienls in the lechnhpie, research and 
iiuIIumIs of instruclioii in wireless in general and in 
i>n»a(lcasling in particular. The choice of these 
'-liuliLs was made mainly on the following considera- 
liuiis: It was being felt for sometime that ni»n*e 

tresS I'onld with iMotit be given to the vocati<mal 
.is|n.-et of the post -graduate teaching in some of the 
M iiiKv subjects of this University, particularly those 
\hieh have wide practical applicatons. The subject 
• •f wireless is ine-emineiitly such a Imuich rif physics. 
Ii lias on the one hand intensive application in the 
i-raclice (if the art of radio communication and on the 
I tiller has close ass(;ciation with the teaching of electric 
and magnetic i»hem»uiena in physics. It was there- 
loie further felt that if the teaching of this subject 
courses of the study which already exist in the 
Itosl -graduate idiysics classes could be reorganise<l 
allei the methods follou’ed in the b'uropean 
countries, the students imrsuing the course would be 
I'ltter fitted to tiike U]» resi)onsible posts in the 
industries or in the coniiiiunication services which 
■111- rapidly developing. 

The author visited I^nglaiid in the year 
•ind sjieiit about a year in touring round various 
Cl Hires of wireless re.search and teaching, Mich as 
Marconi’s Wireless Telegraph Co., Ltd., vStandard 
'l\- 1 ei)hoiies and Cables, Utd., British Broadcasting 
^oiporation, British Post Office, National Physical 
I.aburatory, etc. Brief descriptions of the places' and 
uiMitutions visited are given Ixdow. 

inic Marconi Sctiooi, of Wirki.Rss Communication 

^'he first institution, visited was the Marconi 
•'"'hool of Wireless Communication at Chelmsford, 

^ ’igland. The Marconis are the biggest manu- 


lacturers of wireless eiiuipmeiits in Kurope and they 
maintain this schu(d bjr imparting an all-rouiul 
engineering knowledge in all branches of wireless 
c<>mmunication to advanced students. The mainte- 
nance oi such a school iukK.i' the direct sui»ervision of 
the i)ioneer manufacturers has the immediate ad- 
vantage that the students can iiandle all tyjies of 
commercial eciui[)meuts. vSucIi iaci lilies are not avail- 
al>le ill any univeis'ity college because of iirohibitive 
expenses both tor initial outlay ami also bxr main- 
tenance. 

he vSehool was originally intended for traiiliiig 
university graduates joining the Marconi Company 
as wireK'Ss engineers. Gradually it became also a 
training centre lor loieign engineers who were 
employed by the custuniers of the Marconi Company. 
At i)reseiit it has developed itself into a regular 
institution whose lacilities are also available to 
students who may md in an.\ way be associated with 
the Comj)auy or its customers. 

The vSchf>ol has a nniiiber of laboratories for 
general experimental work, a standard laboratory 
for speciali/.ed and iirecision work and a fairly well- 
etpiipped workshoj). In adilitou, there are a number 
of field “huts”, each (jf which is intended for a 
particular ty])e of work ; for example, one hut is 
fe.serwtl for work on broadcasting transmitters,, one 
for general exiieriinental transmitters for short and 
long waves, one for telephone terminal equipment, 
one for television and one for aerial measurements, 
’riiere is also provision for some field work, siiecially 
in connection with feeders and their matching. 

The course of instructions imparted in the 
School is broadly divided into two sections. The 
first is the general course and the second the 
advanced course. The School also undertakes to 
provide special facilities for work outside the normal 
curriculum for (lualified engineers. The different 
subjects included in the course arc approached more 
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from tlio pnidical anti ihc incur ’s point of view 

rather lliaii from tlie academical point of view. There 
arc, of course, regular theoretical lectures delivered 
both hy the teachers of the School as well as by 
the reseaivli engineers from the Marconi W’orks, 
a ho specialise in the different branches. The 
School also arranges special lectures by experts from 
other organizations like the H. 11 . C. and the British 
l*ost Office. 

Amongst the subjects in which the author took 
si»ecial interest while at the vSehool, mention may 
be made of the design and testing of short wave 
bn-adcasting transmitters, matching tninsmission 
lines and feeders, receiver measurements, absolute 
measurement of frecpieiicy, studies of radio frecpieticy 
transmitting pentodes and feeding self-radiating 
towers. Short descriptions of the princii)al e^iuip- 
meiits are given below. 

The iiKJtlel shoitwave broadcasting tran.smitter 
is designed to give an outjiut of about 500 watts 
The <iuartz-controlled master oscillator is followed 
by a buffer stage and then by tw«) frequency doubling 
stages. The output of the second fretiueiicy doubler 
feeds a single-ended neutralized r.f. power amplifier. 
This is in turn link-coupled to the liiial balanced 
push-pull power amplifier. The tiaiismilter being a 
model one, there is provision for various types of 
modulation, both liigli- and low-level. The final r.f. 
power amplifier can be used either as Class-C for 
high-level modulation or as Class-B for Uiw-level 
modulation by suitable adjustment of grid bias. 
Tbere is also provision for “keying” the transmitter 
for telegrai)hy work. The transmitter also contains 
a built-in cathode ray oscillogiaph unit which can 
he used for checking the modulation visually. The 
studio e(iuii>ment of the transmitter is hx'ated in a 
separate room of the transmitting “hut” and consists 
of three channels— microphone or otherwise — , and 
a mixer amidifier. Tlie output is fed to a line 
connected to the sub-modulator unit at the trans- 
mitter. In the studio this line input is als() fed to 
a monitor amplifier having an output meter for 
visual inspection of line level. The studio etiuip- 
meiit also includes a built-in beat freiiueiicy oscillator. 

The tran.smitter for investigations on the 
matching of tran.smissioii lines and feeders consists 
of one MT la-A master oscillator followed by a 
balanced inish-pull ampliher with two MT i2*s 
giving an output of alxjut 0*5 kw. Neutralization 
is done first by the “cold” and then by the “hot” 
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l^rocess. The line can be coui)led to the aiiiplifiei 
either inductively or capacitively. 

The distribution of current along the line ami 
the elTect of various resistive terminations, including 
aerial loads, are .studied in great detail. Both open 
wire and coiieeiitric feeders are studied. The pro 
perties of A/4 and A/> lines as impedance matching 
<levices are als^j studied. The value of any unknown 
resistive load is also ineasure<l in terms of llu- 
ehai act eristic iiiii)edanee ( which is set>aratel3 
measured) by carefully noting the distribution (jf 
current along the open wire line. 

In connection with receiver measureiiieiits an 
interesting i)rol)iem is the determination of the inUi- 
iiiediate frequency of a commercial receiver. It is 
well known that the i.f. circuits are first aligned and 
then the .signal and oscillate)!' circuits and that tli-. 
i.f. adopted by the designer mii.st be accuratelv 
known. In case this is not known, any residii.ii 
misganging can be used as an indication of tin 
nature of the wrong choice of interniedialv 
frequency. if the i.f. chosen for alignment is 
greater than the designer’s value then the ganging 
is such that for the longer wavelength side of a 
waveband the signal circuit demands an increase oi 
cai)acity and for the shorter wavelength siile a 
decrease of cajiacity for proper tuning. The reverse 
is the case if the selected i.f., is le.ss than tik* 
designer’s value. 'Ihus by noting carefully tlk* 
apparent demand of signal tuning ca[»acity on llu- 
two extreme ends of a vavebaml (centre being 
proiicrly gangeil for the i.f. chosen) one can jiulg^ 
whether the i.f. selected is correct or above f)r Ixdow 
the correct value. 

The e(|iiii»meiit for absolute measurements ff 
radio freiiiiencics is the Alarconi type 4S::-C 
Freiiuencv Aleasuriiig Iviuipment in which llu- 
master oscillator is ciuartz-coiitrolled and operal<.s 
the usual multivibrator system. The lowest fiv- 
qiiency output (100 cycles/sec.) from the system 
drives a syiiclironoiis clock, the time-keeping «'l 
which provides an exact indication of the master 
oscillator freciueiicy. The freciuencies of British and 
Continental stations are measured with grcai 
accuracy and their short-lime variations are al.'^o 
Studied. The variations of the frequency of 
oscillator willi electrode voltages and with loadin." 
are also .studied with this e(|uipmcnt. It m:" 
perhaps Ix' of some interest to note that the B. B. ■ 
also u.se one such equipment at their frc<iucii‘y 
checking station at Tatsfield. The British Post 
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Office also uses this sysleiti at llaldock for roulinc 
measuremeuts of the freciuencies of all Ihitish (also 
Continental) stations. 

The feeder used in connection with investiga- 
tions on feeding self-radiating towers is of the con- 
centric type. Matching is effected by means of the 
so-called reactance transformer. The towers are 
usually insulated from the ground and the first step 
tor matching adjustments is to measure with a K..F. 

I nidge the resistive and reactive components of the 
impedance between the aerial base and earth. From 
the knovMi characteristic impedance of the concentric 
feeder the components of the reactance transformer 
are calculated. With these components the iinal 
malching is tested with the heli* of an imi)edance 
matcher. 

K. K. C<mK, Limitki). 

The next important e.stablishmeiit visited was 
the Factory and Development Department o: 
Iv K. Cole, lytd., Southend. 'Phis firm is one of the 
liiggest manufacturers of broadcast and television 
leceivers and is the pioneer manufacturer of radio 
communication instruments in (ireat Hritain. The 
ai'livilies of this organisation are divided mainly 
into two sections. One is known as (Government 
Contract and Instruments section, and the other as 
Ueceiver Manufacture section. The author was 
l»ii\ileged to work in both the sections and got 
tliorough acquaintance with their activities. It may 
he noted that the instruments manufactured by this 
company are marketed as Marconi-Ekeo instruments. 

(fovernmeni Contract Cf I nstrumcnls Section . — 
In this section the author was mainly interested 
in the development, testing and standardization of 
measuring instruments as are used in wireless and 
acoustics. (df the instruments critically studied 
mention may be made of standard signal generator 
of all frequencies, lx.*at frequency o.scillator, wave 
analyzer, Q-nieter, impedance measuring bridge, 
attenuator, distortion factor meter, vvavemetcr and 
thermionic voltmeter. The details of design and 
methods of standardization of these instruments are 
heyond the scope of this article and the author there- 
fore refrains from making any special references. 

Receiver Manufacture Section . — This section is 
‘oncerned with the manufacture of both broadcast 
and television receivers. Some components, .such as 
<^oils, r.f., i.f., and l.f. transformers, power trans- 
formers, chassis, bakelite cases, etc., are manufac- 


iitii 

tilled in the Company’s factory. For testing and 
calibration, instruments manufactured by the Instru- 
ments Division are used as far as possible. It may 
[lerhaps be nieiilioned that so far as receiver manu- 
facture alone is concerned this is one ol the biggest 
of such factories in (Jreat Britain .md the author 
had the oi)portunity of studying the difi'ereiit stages 
in the manufacture and testing of commercial 
receivers in mass production. A brief desciijition 
of the method of manufacture may perhaps be 
interesting. 

Any particular type of receiver is first designed 
and fitted ui» in the development section where 
l>reliminary tests are made. Next, this receiver is 
passed on to the regulai' commercial testers in the 
manufacturing section where further tests are made 
specially from the commercial and servicing t>oint 
of view, 'rile remarks of these testers are then 
passed on to the development section where .some 
further adililions and alterations are u.sually made. 
After these preliminaiy trials a number of such 
receive! s are built on a semi-commercial scale and if 
these are found satisfactory and marketable then and 
then only real mass production begins. These 
remarks hold foi both broadcast and television 
receivers. 

'rile manufacture of a receiver may be Inoadly 
subdivided into several distinct stages. First comes 
the as.sembling of all the components on the chassis. 
'Phis assembled unit is then jiassed on to the mecha- 
nical tester who tests the components and fittings 
from the mechanical p«jint of view. .After this, the 
coiiiiections are made — the entire process being 
on the “belt” system. The chassis with all 
compements mounted is made to pass slowly 
on a l)elt, the motion being discontinuous. Itach 
individual working in the chain is entru.sted with a 
certain number of specified connections and is 
allotted a definite time during which tht*se have to 
lie finished. At the end of this period the receiver 
is passed on the belt to the next person who in turn 
does the connections entrusted to him. In this way 
the receiver passes on to the end of the belt wdiere 
once again all the connections are checked from the 
mechanical point of view'. Next it passes to the 
first te.stcr who tests the power consumption, preli- 
minary alignment and other minor tests. Finally it 
goes to the last tester a short dcscrii>tiofi of whose 
equipments and method may be of senne interest. 
This tester has on his Ixmcli permanently mounted a 
number of testing instruments and also supplies of 
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audio, radio and intcnnediato frequencies. The 
main inslniiiieiits are one staiulard signal generator, 
(>ne uiitpiil meter, one avonieter and one mains con- 
suiiiption meter. The audio, railio aiul intermediate 
frequency siq»plies are generated centrally in 
scretiied rooms and aie of sufficient power to feed 
all the testing benches where these are wanted. The 
supi)lies are given l)y means of screened cables to 
avoid any interference. With the help of the mains 
coiisumptioii meter, the tester first checks the con- 
sumption to see if it is uoriiial. Then, applying the 
calibrated audio supply, he measures the output. If 
this is within the prescribed limits he proceeds with 
the aliginiient ol the i.f. circuits and then the A.T.C. 
sy.stem, if there be any. W hen tlie.se are done the 
signal and oscillator circuits are adjusted caiefiilly. 
Finally the receiver is taken to a cabin for tests with 
actual broadcast stations, 'i'he cabin has got a supply 
<d' coiitinnously varying audio freiiueiicy from a 
central source in the factory. With the help of this, 
the I.f. response ot the receiver is tested aurally and 
then the aerial tests are made. The actual aerial is 
located far away from the workshop and in the open 
gnntud in order to avoid the local electrical inter- 
ference from the various fact<n'y plants. The lead-in 
is taken to the cabin by means of .screened cables. 
'I'he receiver is now luissed on to the cabinet fitting 
Section where it is completed in the form available 
ill the market. To test the mechanical stability of 
the receivers due to probable bad handling during 
transiM)rt, N>me of llie receivers are made to undergo 
a .special test, 'fhe finished receiver is packed in its 
box and liy means of a machine operating auto- 
matically it is raised to a certain height and thrown 
down at random on the lUxir. 'fhis process is 
repeated for a certain number of times and the 
receiver is then unpacked and again tested. After 
this final test it is ready for the market. 

Rksijarcii vS'i'ation uv TiiK British Post Office 
•At Doi.his lliu. 

'file ne.xt impoiiant establislmient visited was 
the British Post Oflice, firstly their Research vStation 
at Doll is Hill and then their Transmitting and 
Receiving Stations at Rugby, Baldwk and St. Albans. 

The station at Dollis Hill is maintained by the 
Post OlTice hir inve.stigations on problems connected 
with the various communication systems maintained 
by department. New apparatus reipiired in the 
(lilTerent services are designed and developed here. 
TIk‘ activities of the Station may broadly Ix? classified 


under the two heads — telephone and radio. In the 
telephone section the author was primarily interesteil 
in its acoustic work ; he also followed their methods 
«»f testing the articulation of lines and other net- 
works and, also, the mass-testing of telephone re- 
ceivers under ali possible operating conditions. 

In the acoustic department, inicrophoiies, 
telephones, loudspeakers and other similar equip- 
ments are designed, tested and calibrated. This 
dei>artineut also carries oil work on studio design, 
auditorium testing, noise measureiiieut and tests of 
telephone lines and associated gears. >Suuud-on-disc 
recording for tfie Post UJhce is also done here. Fur 
the piirpo.se of (piantitative measurements on electro- 
acoustic apparatus, L.g., absolute calibration ul 
microplioiies and loiidsi)eakeis, the deparliiieiit ha^ 
built ail acoustic cabinet. Tlie design of this 
cal)iiiet (a similar one is being used by the B. B. C. 
at Nightingale Square, LoiidoiiJ has been made 
very carefully and is almost ‘dead' acousticallv . 
The cabinet is provided with a point r>ource of soiuid 
of special design which generates spherical waves. 

For “free air” calibratiou of micioplioiies this 
source is used in conjunction with a Rayleigh disc. 
vSometimes a substandard condenser microphone 
calibrated by the X. P. L. is also used for com 
parison. For “pressure” calibration the Rayleigh 
disc is also used but uniler difteieiit conditions. For 
this purpose a s>stem of i)lane standing waves is 
maintained in a resonating cli>sed air column, at one 
end of which (a uosition of maximum iiressure) the 
microphone under lest is placed. This end is made 
air tight with plasticine. I'lie Rayleigh disc is 
placed at a position of maximum velocity, generall\ 
at the midpoint of the column. To the other end i^ 
fixed the source sound, a watch type telephone 
receiver. Both ends of the res<jnating lube ha\’e 
telescopic adjiustmcnts. 

This acoustic cabinet is also used for loudspeakci 
tc.sting. The loudspeaker is suitably placed in the 
cabinet and is fed by an amplifier located outside; 
the input of the amplifier is supplied by a beat fre- 
(|ueiicy oscillator of uniform characteristics. Tlie 
sound emitted is picked up by a calibrated condenser 
microphone connected to an amplifier placed outside 
the cabinet. The ontinit of this amplifier operates 
the recording rectifier-galvanometer system. The 
record thus obtained by varying the frequency ol 
the oscillator gives the overall response of the entire 
chain of equipments u^d. Another similar record is 
taken which gives the combined characteristics of 
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the oscillator and all the ainidificrs involved. From 
these two records and from the known characteristics 
of the microphone, the actual loudspeaker resiionse 
is obtained. 

An important measurement in connection with 
studio desi}>ii is that of the reverKratioii time. For 
lliis puniose the Post Oflicc makes itse of both 
objective and subjective methods. For objective 
measurements a special bridge circuit developed at 
llie Post Onice is used. The aiiparatus gives very 
j.ood results when the rate of decay of sound in the 
'^liidio is e.xponential. In general, the decay is not 
i.\ponential and .some difficulty is experienced in 
maintaining a proper bridge balance. This is 
obviated to a great extent l)y making the source of 
-ouiid rhythmic over a short range of freciuencies 
round that at which the test is desired. 

The subjective method is straightforward and 
linnlly needs any explanation. It has been found 
lliat a reverberation lime as small as o'.s second can 
be easily measured with a certain amount of 
jiiactice. M'bis method b.as the a<l vantage that the 
leverberatioii is directly related to its effect on the 
ear. It might seem that a large room with adecpiale 
.'ibsoi ption would have the Siime older (»F reverbera- 
iioii time as a much smaller room with little 
absoriition; yet it is found that the physiological 
ellects of reverberation in the two nMmis are 
ililTereiil. A measuiemeiit of reverbei alion time, 
allhougli the most generally useful, is not the sole 
(liteiion of reverberntif)!! effed, and its pm suit to 
greater precision by an objective melluKl may not 
always be justifiable. 

For noise measurements the Host Office geiie- 
lally use tlie objective mclliod, particularly because 
tile subjective method is aiiplicable only to controlled 
^"imds. 'riie main difficulty in an objective noise 
meter is the introduction of a frequency weighling 
network in the amplifier chain in order to simulate 
du* characteristics of the human ear. It is of 
iiilerest to note that the International Acoustics 
Conference (1937) decided that .such a weighting 
done is not sufficient when inqmlsivc sounds are 
concerned. It was further considered that the time 
c as not ripe for the specification of a universal 
"biective noise meter. 

The Radio Section at Dollis Hill is mainly coii- 
' i iied with the development of short and ultra-short 
’'•I'c transmitters, recefvers and other associated 
equipments used at the different P. O. stations. 


They are iiow giving very close attention to the 
development of single-sideband short wave trans- 
mitting and receiving gears. The interference and 
piracy detector divisions of the H. O. also belong to 
this .St ‘Cl ion. As is well known, the llritish Post 
Office use ultra-short waves of length about metres 
for teleidioiie and telegraph “links” for communica- 
tion aciliss channels, rivers, etc., where it would f)c 
costly to instal and maintain cables. During the 
author’s visit one such equipment was being 
develoj)ed for a link between India and Cevloii. 

Inn' field Service the Hritish military authorities 
sometimes use a special ty])e of Iransmiltcr and 
receiv'er controlleil bv light wav’es. Jsucb services are 
strictly “local” and are (piite beyond any possible 
interception by an umvanletl paity. 'file principle is 
that the voice from the sender oi>erates a microobone, 
tile juitjun of which is amplified and then modulates 
a strong source of light. This b'glil is tiaiismitted in 
the form of a coneeiiliated beam to the distant re- 
ceiver, the range of «)peralion being about .; miles. 
The modulated light is received 011 a ]»hotf)-cell at 
the receiv’er end and the message is easily ol>taine<I 
from same. These e inipmeiils are also developcil l)v 
the Host Office. 

The Rmlio Seotioji also iiriintaius a very aceiirale 
luaineiicv staihlard and freqiuncv measuring fj|uip- 
meiits. The i)rimary standard is a valve-maintained 
tuning fork jjf fixaiiKiicv' loon cycles/second deter- 
mined in terms t)f mean solar lime. The fork 
e<inipment is located in ;i siieciallv designed and 
closed underground room in which a c<mstant 
1 em])eralurc is carefully maintaine<l. It may be 
meutioned that a similar ju'iniary standard is main- 
tained by the X. P. L. which regularly radiates this 
standard 1000 cycle note by modulating the .^q6 Kc/s 
earrier of tin* X". H. L. transmitti‘r O.sIIW. The 
I*. (). have receiitlv’ developed a v’ery accurate 
system of cnmi)anng these two primary standan^ to 
•an acTuracy of ± .s in in’*. For short .wave 
working the P.O. are now devek)ping a (luarl/ 
standard. The Section has got a special department 
dealing willi (juart/. crystals; the P.O. crystals are 
now being favoured bv' many cslablisbmeiits such 
as the H. H. C. 

'fuK Urr.UY R.Mun Stviuon 
(Hritish Host Oi-iucK) 

'I'he Station, situated 00 miles from London, 
was originally designed for long wave radio- 
lelegraphy communication with all parts of the world 
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ami was iiiaUKuraled on January i, 1026. It is now 
one of tile most iM)Wcrfnl of similar stations in the 
world. W'ith the developnieiil of radio-telephony, a 
lonii-wave transjitlantie telei)hony service to America 
was opened on January 7, 1027. Kroin ccononiical 
consideration it was n»)t i)ossil>le to extend this lon.n- 
wave telephony to more distant places as it was S(M>n 
fonnd that with the use of efficieiit directional 
antenna systems, short wave telepln)ny services 
could he estahlished much more economically for 
linkiii” Ivn.eland with |)ractically any part of the 
.elohe. The vStation is now ecjuipped for lx)th long- 
wave and short-wave services. It co\'ers qoo acres 
of land and has LM>t two .‘»roups of huildinpis. 'Phe 
main Imildin.e houses the two teles^raidi transmitters 
('.. H. k. and B. V. and also the long-wave 
telephonv transmitter (1. B. Y. In an adjoining 
small building there are two short-wave transmitters, 
one for Indian service and the other for service 
to Japan and South .America. The new short- 
wave building contains eight short-wave telephone 
transmitters. 

The (i. B. k. (if) Kc/s) was the first high-power 
telegraph transmitter using thermionic valves. 
Both' O. B. k. and (r. B. are tuning fork con- 
trolled and the rated aerial powers are 450 and 40 kw 
respectively. The final amidifier of ft. B. k. uses 
two (at times three) banks of kS water cooled valves 
in parallel, each valve capable of yielding 10 kw' out- 
jmt. Some special ])recautit)ns have had to l)c taken 
to avoid the usual diflieulties associated with the 
paralleling of high power valves. As an alternative 
to one of these banks, a single 250 kw valve of the 
demountable type is sometimes used. The “keying” 
is controlled entirely by a small relay inserted in the 
grid circuit of a valve at a point where the r.f. 
pr)wer level is less than one watt, 'fhe transmitter 
frequency being only 16 kc/s, it cannot obviously be 
u.sed for high si»eed telegratdiy. In this resi)ect the 
Ci. B. V^ *(78 kc/s) is superior and is eiiuipoed for* 
high speed traiuynission . 

The final lank circuit ami aerial coils of O. B. k. 
are of 565/,^6 vS.W.O. cables (about inches 

diameter) wound in the form of spiders. The 
electric stress is so high during transmission that 
these huge coils shake mechanically. During e.xperi- 
meiital stages the leading-in of the aerial presented a 
difficult problem, 'flic aerial was led in through a 
glass wimlow; the dielectric loss in the wotxlen frame 
w as s«) great that the wmxl burnt riut. This has lx?en 
avoided by removing the wooden frame ami ii.sing, 
in.stead, an earthetl guard ring. 


The long wave aerial system is supported by 
12 insulated nia.sts, S20 ft. high. Each mast i.s 
provided with an electric lift capable of carrying 
three persons. The aerial height Ixiing very small 
comp.'ired with the wavelength, the radiation re- 
sistance is low and care has been taken to keep tlu 
total loss resistance as low as possible. A very 
enicient earth .system has therefore been developed. 

The (i. B. Y. (68 kc/s) is of the single sideband 
tyiie and is one of the most powerful telephoiu- 
transmitters in the world. It was installed In 
the Standard Telephones and Cables, Ltd., in co 
operation with the Post Office. The final amplilKi 
{)anel has six 100 kw water-cooled valves of which 
three are used at a time and are sufficient to give full 
out])Ut. The traiiMuitter is designed for an acoustii- 
range of about 400 c/s to 2600 c/s, wdiich is essential 
for fair articulation. The pow'er delivered to IIil- 
aerial is t)f course v'^ariable with imxlulation bin 
sometimes leaches alxmt 150 kw'. It shfiuld be noted 
however, that this power is eipiivalent to that of n 
broadcast transmitter having an output of several 
limes this value. 

The two short wave transmitters in the small 
building adjoining the main one are crystal con- 
trolled and of the single side band double chanml 
type. (.)ne of these w'as installed by the Standard 
Telephones and Cables, Md., and the other by the 
Post Office. Each is designed to operate on ^ or 4 
si)ot fre(iuencics and the modulated power output is 
about 10 kw. There is provision by which, il 
desired, the refiuired aerial system can be fed from 
the penultimate stage instead of from the final stagr 
of the amplifiers. Prom the penultimate stage an 
output of al)out kw is obtainable. 

The designs of the transmitters in the short vvavi- 
building are practically the same as al)ove. They au. 
of the single side band type and balanced push-pull 
circuits are used throughout in the amplifiers. lu 
the low power stages screen grid and pentode valves 
have been freiiiieiitly used. It does not need to be 
emphasized that symmetry of circuits is essential fi» 
the operation of short wave anqdificrs. In this con- 
nection the coupling of a single valve stage to 
push-pull stage, as used at Rugby, may be of some 
interest. In the diagram (Fig. i) the anode circuit 
of the pentode is parallel tuned and capacity-couple<l 
to the next push-pull stage. The tuning coil i> 
earthed (as regards r. f.) by a 0*01 /^f. condciisit 
connected at its midpoint. The tuning condenser 
(series-gap type) is not earthed at any point ami 
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this has the eflFect of making the oscillatory currents 
ill the two halves of the coil approximately ccpial. 
'I'he voltage to earth at one end of the inductance is 
thus equal and opposite in phase to that at the other 
i-nd making the arrangement vSuitable for push-pull 
driving. To maintain symmetry of the circuit, the 



Pk;. 1 

capacity betw’een anode-end of the coil and earth 
(hie to the valve, is balanced by a o’oooi /if. con- 
denser connected between earth and other end of the 
coil. Tt is interesting to note the special care that 
is taken to make the symmetry as perfect as possible 
with respect to other portions of the circuit and 
tlie metal enclosure. The balancing condenser is 


waves and with large water-cooletl valves which 
possess a large aiiode-fi lament capacity. 

It is also interesting to note that in some trans- 
mitters the 20 and bo kw .stages are built in separate 
“units” ci>n Heeled to the respective exciter stages by 
appreciable lengths of feeder lines. These exciters 
or intermediate stages are therefore designed as 
power amplifiers and not voltage amplifiers. 

The directional aerial systems, used at Rugby 
arc of various types, such as Sterba, Koomans, 
T. Walnrsley, plane and cage dipole. It seems 
that the P. O. prefer the Koomans type specially 
because of its simplicity and case of maintenance. 
Two-wire open transmission lines arc used through- 
out with standard characteristic impedance of 
600 ohms. The P. O. have adopted the method of 
matching I)y means of t|narter-wavelenglh lines. 
The magnitude of the termination in terms of the 
characteristic impedance of the line is found out by 
noting the readings of maximum and minimum 
currents along the transmission line. The charac- 
teristic impedance of the matching quarter wave 
section is at once known and it is then accordingly 
designed. 

Tiik P. O. RiiCKiviN(r >St.\tions .\t Bai.oock 

AND vSt. AiJUNS 



made cylindrical (similar to valve electrodes) and is 
ke])t vertical and as close to the valve as possible. 

Another important feature in the Post Office 
transmitters is the use of series-tuned anode circuit 
ill the high power 20 and 60 kw stages. The scheme 
is shown in Fig. 2; only one valve of the push-inill 
IS indicated for simplicity. It can easily be shown 
tiiat in such a system the niaxiinum output is 
''l‘laine<l when the coupling condenser Cc is given by 

Cc=-Cv/'r7R* 

' here Cv is the anodc-fil ament capacity of the 
valve of impedance Rv and R the load resistance, 
i hese series-tuned circuits are only possible for short 


All official wireless telephony communications 
between the United Kingdom and other countries 
are maintained and controlled by the British Post 
Office. The receiving station for the purpose is at 
Paldock, 40 miles from bondon. The station, with 
its large number of short wave aerial systems and 
one long wave aerial, covers an area of 1,000 acres. 
All the receivers are of the single-side-band type. 
The latest of these are of the Post Office (Dollis Hill) 
design; the earlier ones were installed by Standard 
Telephones and Cables, btd. The audio outputs of 
* the receivers at Baldock arc, for secrecy, “inverted** 
and are passed on directly to the Ceptral Radio Office 
at bondim where, by suitable arrangements, the 
signals are made normal again. Since single-.side- 
band reception has special advantages the B. B. C. 
often utilises the Baldock receivers for important 
foreign re-broadca.sts, King George VT*s mes.sage 
to the iMTipire from Canada during his recent visit 
there. 

The receiving aerial systems used for short 
waves are of x'arious tyi>es. Some arc rhombics and 
cage type dipoles. These are generally used for a 
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<liiick scarcli-ovcr for a station in conjunction with 
normal receivers of usual design. When the station 
lias been found or, in the case of a station radiating 
siiniillaneonsly on a iiiiinber of freiiucncies, when the 
fretineiicv giving the I)est receidion has been found, 
the single-si<le-l>and receiver is adjusted for the 
corresponding frequency . 

There is also provision at Haldock for checking 
the freijuencies of the P. O. and other transmitters. 
There are two main ei|uipmcnts, one Marconi type 
tS2C, and the other dcveloiied by the P. O. fn the 
Marconi t>pe each of the five multivibrator circuits 
are stejiped «lo\Mi in the ratio lo : i and each is 
svnchroni/.ed directly by the previr)iis stage. These 
make the system somewhat unstable and the multi* 
vibrators sometimes “slip” off synch roni/ation. 
Moreover, the method of suspension of the quartz in 
the master <^scillator circuit is rather unstable 
mechanically. The P. O. equipment, wherein quart/ 
crystals developed at Dollis Hill are used, is better 
in this respect. The frc(|uency of the master 
oscillator is checked by comparison with the primary 
standanl at Dollis Hill, With these equipments the 
frequencies of the various British and foreign stations 
are Systematically measured and recorded. 


The receiving station at St. Albans, 14 miles 
from lyondou, is meant only for radio-telegraph 
signals. The station occupies about 25 acres of land 
and some new land is being acquired for expansion 
'riiere are ten long wave and four short wavt 
receivers, tlic former arc of the “straight” type juid 
the latter of the double detection type with band 
filters, thus giving Iwith second channel discrimimi 
tion (high i.f.) and stdectivity (low i. f.) 

'I'he aerial systems are mainly supported b\ 
eight masts arranged in the form of two sipiares oiu 
inside the other with the station building at tlk 
centre. The four outer masts (200 ft. iiigh) support 
the long wave Hellini-Tosi aerials and also a numbei 
of open aeiials. One big ihombic is also suiiporled 
on one side of the building jointly by the outer and 
inner masts. 

The received signals arc relayed directly to tlu- 
central office at bondon, vSt. Albans being more 01 
less a relay station. Ihich radio receiver is, however, 
provided with a Wheatstone receiver for monitoring 
by wliich the operator can see the signals being sent 
through the line. 

To he Continued. 



Telescope Making at Home 
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hobby of tclcscopo-iiiakiiiK has wide 

popularity in America, where a lar^^e number of 
clubs and societies' have been established for the study 
<»f astronomy. There are more than two thousand 
iiicnil)ers in these clubs men and women — i>rindini4 
mirrors and lenses for telescopes, with which they 
make occasionally interesting observations. Many 
interestinj;- new stars (c.g., Nova Aquila of 1918) 
were discovered by amateurs. In fact, the contri- 
butions of amateur astronomers and radio-amateurs 



NfW Ionian ‘lV Ieveo|H’ 

\. Tube; lb Ca]) or iiiirror-lioMir ; M. Coneaxe par.i- 
bolic niiiTf)r; C. tyxepii’ci* soiUii; I«'. J'*\ i- ; I), 

Diai^onal flat mirror, I'roni snrlace silvered; U. Tliin 
rod for lioMini; I). 

1(1 scientific studies are not insi.mniticant. I'lifoi- 
Umately we have no such ori^aui/ation in India ; nor 
many of us have ever paid a .serious alteiitiun to this 
matter. 

In this article an attempt will l)e made \o briefly 
describe the construction of reflecting telescopes at 
lioiiie with the miniiiiuni workshop assistance. 

Tilt; Makino i)V jMirror .\nd its Tkst 

The mirror is the most important part of the 
tclescoi)e, and it can be made quite perfect if pro- 
(eeded patiently and inethodically. It was Xewtoii 
'Abo first devised the reflecting telescope, with his 
iirsl mirror inch in diameter. Thereafter many 
I'-trouomers of reinite found the reflecting system 
:nlvaiitagcous and made larger mirrors for themselves, 
l ord Ros.se as early as 1845 constructed a reflector 
diat was 6 ft. in diameter. This mirror for the first 
nine revealed the spiral structure ot the extragalactic 
acbulae. 


Ihil much Miialler mirrors will show them u]) 
now . I* or, the early mirrors were not .so perfect as 
tlK-y an- now made, because the early ones were 
made of si>eculiun metal (an alloy of 68% copper 
and tin) on which thermal distortion and other 
distort ive elTccts were prominent. Modern reflectors 
are made irom glass discs which are ground concave, 
polished, tested and then coated with bright film of 
.silver or ahmiiiiium. Glass mirrors are accurate, 
peimaiient, and the surface can be easily replaced by 
fri-sh film wlieiiever iiecessarv. 

(.lass of optical (piality :s not necessary for 
reflectors. Grdinarv plate glass X*. ‘S t inch 
thick is <|uite suitable for making small mii’rors. 
'rile ideal glass is llie Pyi'cx, for., it has the lowest 
coeflicient of tbernial expansion. The Chance 
Hrolliers maniilaetine a special lyjie of gla.ss for 
making lleiUoi s. 'I'liis lias a very low cxfiaiision 
langing bvlween that oi l*yiex ;ind ordinary plate 



tidgiag the roiigli-tiit-(.li.sc. 

A. Roiigli-eiit gl.-m'; disc lol.ilid in B. Ib fl;it 
iron 1/32 in. tliirk, 2 in. wide, bent into a 
circle, one end nailed to C. C. Wooden 
pillar 2 x 2 x 4 in. D. Wooden board I^. Tin 
tray. F. I’ccd for (•artMinmdiiin and water. 

glass. A number of firms in America’ are now 
engaged in supplying ‘kits' complete with glass discs 
and grinding and polishing materials for the use of 
amateur telescope makers. 
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CurvaluTf Grinding : When two thick i^lass 
discs arc ground (me over the other (Fig. 3), with 
carboninduni imwder and water between them, the 
upper disc becomes concave, and the lower one 
convex. In fact there arc three nuHions which 



no. 3 

Grinding and Polishing. 


changed over to Nos. So and 120. The curvature- 
grinding may be begun with No. 60 or No. 80. It 
should be remembered that the work must be 
thoroughly washed up between the change of grades, 
or scratches will result. For the final stage, the 
flour emery is washed up by settling, as it contaiii.s 
coarser particles. Three tea-spoonful of flour emery 
is stirred up in a glass of water and allowed to stand 
for one minute. The upper muddy liquid is then 
taken olT and allowed to stand for another minute. 
The upper litiuid is again collected, and allowed to 
settle. The fine sediment which now settles is used 
for the final grinding. 

A well-finished ground surface looks velvety 
grey and is free from scratches and pits. It would 
be absolutely unwise to try to .save five iiiiiiutes at 
the fine stages (3F, 303, emery), because this gain 
of five minutes would make for a loss of half an 
hour in polishing w'hich is a tedious job. 


must be combined in order to get the proper 
curvature : (i) To and fro 'strokes’ centrally over 

each otlnir, and making the total play equal to about 
the length of the disc’s diameter or a little more. 
This is called 'full* stroke, and it is customary to 
refer as % stroke or stroke according to the length 
of play relative to the diameter of the glass disc. 
(«) Rotation of the upper disc about its handle axis 
with % or Yb turn after each .stroke, and (Hi) The 
worker going round and round the table on which 
the tool-disc is fitted, completely circling in 10 or 12 
strokes* time. The 'strokes’ brings about 'curvature* 
(Fig. 4), and the other two motions make it 
‘spherical*. 




• jqo. 4 

How the curvatiiies develop. 

As soon as the mirror (upper) disc passes the position (a), 
the edge of the lower (tool) disc begins to exert scooping 
action shown by arrow (A) in (b) and (c) positions. 


There is no hard and fast rule for the grades of 
abrasive, but the following series is found to Ixj 
satisfactorY : Carborundum powder Nos. 60, 80, 120, 
220, 3F and 303, and flour emery for the finest 
grinding at the final stage. The edging (Fig. 2) of 
the rough cut circles is quickly done by the coarsest 
grade No. 60, and for the finer finish it may then be 


The time of grinding depends ui)oii the size of 
the mirror and the focal length desired. A six-incli 
mirror, which size is a good choice for the beginner, 
may be ground up into 48 inches focus, which means 
F/8. A list of mirrors and their aperture-ratios arc 
given ill the tal)Ie. A 6 inch mirror will require 
grinding of about hour with each grade of powder. 
Hut the focus must be checked at every stage of 
grinding. 

Checking the focus : As the grinding i)roceeds, 
the curvature deepens, and the focus becomes 
shorter. The focal length, which is half the radius 
of curvature, can be measured by a spherometer. 
Hut more convenient method is that by reflection. 
The glass, however, at any stage of grinding, is w'hite 
and iion-rcflectinp . But it can be made temporarily 
reflecting by smearing the surface with water. So 
long as it is wet the image of the sun can be focussed 
on the wall, and the distance of the image from the 
mirror gives the focal length as developed. 

The accuracy of measurement of focus at the 
rough grindings (No. 60, 80) may be taken to be 
within 2 inches, at the medium stage (120, 220) with- 
in 1 inch, and at the fine stage (303, 3F, emery) 
within % inch. The major part of the hollowin.u 
out is effected by full strokes with No. 60, 80 and 
partly by 120. The grade No. 220 also removes 
some amount of glass, but its chief action is to get 
the uniformity of curvature with % and strokes. 
With the 3F and finer, practically no change in focus 
takes place. 
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The depth of curvature at the centre of the 

/■“ A*" 

.iiirror is given by v, , where r-^ radius 

2H 4 ^ 

uf the disc, /? — radius of curvature and F = iocQ\ 
length. Thus, for 6 inch disc, 48 inch focus, depth is 
less than lyoth of an inch ; it is only 0 0487 inch or 
12 inm. 

During the fine grindings, tliere is the danger of 
slicking of the discs, as the mirror and tool discs 
closely fit each other and produce a partial vacuum 
between them. This may be carefully avoided by 
keeping the abrasive well supplied with water. If, 
liowever, the discs slick together badly, warm water 
should be applied on one disc and then given a 
uuigential thrust. This last resource helped me 
woiKlerfully in a case of very obstinate sticking. 

Polishing : After grinding is over, the process 
ol polishing will bring back the full transparency of 
ihe surface. All surfaces, whether a telescopic 
mirror or a spectacle lens, after being ground to the 
desired curvature are polished up to perfect trans- 
jGireiicy by a suitable material. 

The polishing material is rouge used on a softer 
base such as pitch, resin, paper, leather etc. For 
oiir present purpose pitch is very suitable. It may 
l)e remarked here that the hardness and the structure 
lit ttie polishing tool play very important part in the 
speed and quality of ijolish.^*'* 

The tool disc is covered with a layer of molten 
pitch which is moulded into proper curvature by 
pressing it with the mirror. The mirror surface 
should be coated with rough emulsion (2 tea-si>oonful 
of fine grade rouge and 4 spoonful water) or soap 
water in order to prevent the plastic pitch to stick 
while it is warm. 


Fig. 5 

(a) (b) 

(a) Polishing pitch tool. 

(b) Parabolizing tool. 

After getting the pitch layer uniform, it has got 
to be channeled into i inch squares as shown in 


Fig. 5{rt). The .s(]uares should be dccentered with 
respect to the tool circle. Symmetrically cut squares 
tend to develop defective /.ones on the mirror owing 
to the repetition of the .symmetry. The channels 
may be cut with a hacksaw blade or a knife i)oiiil 
with a regular supply of water lo avoid chipping and 
clogging. vSulficiciit time must be allowed to 
etjiialise the temperature before the polishing is 
begun. 

Polishing strokes are just the same as for 
grinding, but only that rough is now used on the 
pitch tool. The b inch disc will take about 5 hours 
of work to complete polishing. It is better to do the 
poli.shing jul) in spells of 15 or 20 inimitcs at a lime, 
and then allow the \vurk to cool. It is found that 
long spells develop ‘hollow’ and ‘ring’ in the centre 
of the mirror, which is clearly detectable under the 
knife-edge test. It is due to the fact that heat of 
hand penetrates down the handle and dilates the 
middle part (;f the mirror. This part therefore 
polishes out more quickly, leaving a defective 
hollow when cooled. 

When polishing is done the next work is to 
test the surface for correct spherical curvature. ’ 

Knife-edge Test: A French physicist, Teon 
P'oucault devised an ingenious method of testing 
mirrors, llis ‘knife-edge’ method for testing the 
si)herical curvature is so sensitive that it can detect a 
defect of radius of curvature of about lo"'* inch. It 
is sensitive enough to iletect the thermal bulging of 
the mirror surface due to the touch of fingers for a 
few seconds. 

'I'he arraiigeineiit (Fig. 6) is extremely simple, 
requiring only a pin-hole lamp, a straight knife-edge 
and some means to stand the mirror vertical. The 
.sj)herical minor under test is placed on a small tabic 
with its face in the vertical plane. A pin-hole source 
•of light is made by |)erforating a tin foil with a fine 
needle and placing it in front of the ^mall window in 
a box in which an electric torch bull> is housed. An 
oil laiiqi or a candle flame may also be used. The 
pin-hole light is placed approximately at double the 
focal distance where the centre of curvature is lying; 
for, the radius of curvature is e(]ual to twice focal 
length {R = 2F}. Now a little patience will find out 
the reflected image of the pin-hole formed in its 
vicinity. The pin-hole source is then moved until 
the image comes just by its side. If it were exactly 
at the centre of curvature of the mirror, the image 
would merge with the source. But this would not 
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allow ns tf) make the test, so that the iiiia.!4C shotiUi 
he kept as close to llie source as praclicahle. Tf now 
the eye is placed at the rcaditi.i> distance away from 
the lamp the Ini.i'ht point iniOKe will he seen floating 
in space. Hiit if the eye is hroii.uht t«Ki close to it, 
the ima«:e will hlnr off and the surface of the mirror 
will ai>peai to he full of uniform luminosity. 



Hio. G 

Arraii]^^cnK'iit for ktiifc-ijlge list. 

M. The spliericiil minor under te-.!. S. Pin-hole lijjlit 
source. A, H, C refers (o the tliree Ivpieal jKisiticms of 
the knife edge. 

ff a straight knife edge is then moved close to 
the eye to cut the reflected cone ol light, a straight 
shadow will appear to pass across the luiniiious disc. 
If the knife edge is within the centre of curvature of 
the mirror (A position, I'ig. h) the .shadow will travel 
with it.' Ihit if the knife edge is heyond the 
centre (li position), the .shadow will travel in the 
o])posite direction of the knife movement, A point 
(C position) will he obtained hetvveeii the.se positions, 
where lU) travelling shadow of the knife edge can he 
recognised. The whole of the dist- will then evenly 
darken down (piickly hy the slightest cutting move- 
ment of the knife. 'Hiis is the true image point 
which would give the centre of curvature of the 
mirror. 

When the spherical curvature is defective and 
there are more than one centre of curvature for 
different /ones, no position of the knife will he found 
where uniform darkening down of the whole disc may 
he obtained. It will then he found that some ])orlion 
of the disc is shaded and some ])ortion lighte<l up 
irregiilarl}’, or tliere may apj)ear illuminated or 
shaded ring on the mirror (.see Fig. The comnioii 
defects are the rings (elevated or depres.sed), hollow 
in the middle, and turned <lowui edge. The charac- 
teristic shadows are readily interpreted when 
accustomed to such tests. 

The l(x:al corrections hy pencil polisher or small 
tool are not ncccssJiry for small mirrors, hiit a little 
polishing coiiliiiucd over an altered pitch tool with 
careful central short strokes will cure the defect.^ 
which are usually small. Details of different methods 
of correcting local defects arc de.scrihed in books 
referred to at the end of this article’*^. 


Parahoij/ing and Mkasukino tiik Fjgukk 

When we have a correct st)herical mirror, it ha^ 
to ]»e paraUdi/ed. As the i)aral)olic correction foi 
.such a mirror is very small, there is a risk of over 
doing it. I,ct ns first sec 1 h)w ninch is the differenci- 
between the .s])here and the paraboloid. P'or n 
spherical surface, each part has the same curvature 
and focus, hut a ])araholoid gradually flattens oni 
towards the periidierv. Tlius tlie radius of curvature, 
hence focus also, is longer for the peripheral regions 
than the central part of a parabolic mirror. 

The difference in the radii of curvatures for tlie 

centre and for the rim is given by A/? - - - 

ti Jr 

where r is the radius of the mirror disc and R the 
mean radius of cnrvalure (R'—2F). Thus for the 
6-incli mirror just de.scrihed, a /i? - ;\\=o’09 incli 

or uim. A 1 2-inch F/d mirror will have the 
d i ff erence -i nch . 



Fn;. 7 

Ch.'irjiitc'rislir sluidow.'; iiinler 
knife-c<lge lost. 


Since the workers arc more accustomed to thinl- 
in terms of the ‘aperture’ t)r diameter of the disc. 

and ‘focal ratio* (such a.s, F/4'5, 6, S etc.), ^ J* 

may he converted in terms of A and N, wheu 
/I - aperture, iV = thc focal numlKir (4’5 6, 8 etc.) 

Then, A ^ ^ . Thus, for 1 2 -inch F/6 mirror 

-J inch and for 6-inch F/8 inirroi 
A i? - J X g - inch, as told l>efore. 
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The following tabic gives the list of diiTcrent 
types of mirrors with their /.\U values. 


A perture 

Focal- 

Aperture- , 

AK 

Remark 

{inch) 

length (It.) 

Ratio (FIN) 

UHfh) 

H 

2 

F/4 

0 18 

Sli»)i'l-f<x;Uh R.F.T. 

6 

4 

F/S 

009 

Ii(.)riinurs* first. 

12 

8 

F/8 

0-18 

C'fiimnciii lyp-. 

28-4 


!• 

()-70 

( )l»sei valntw at Tlei- 

q-llur:* (ftiii^trm- 
liiiii l>\ /.eis.s). 


to 

1< / A 

1 M 

1 1.itiilmr- iZiiss). 

48':. 

27', 

!• on 

0-87 

I’.erliii-lklH'PFery 
{’/a i*-'.). 

100 

41^ 

V ft 

2ft0 

Ml. Wilful Oliserva- 
lory, (.'.ilifi'iina. 

200 

5ft 


7ft() 

IlaK- ()bM;r\al<)r\ . 

Ml, San Diign. 


The table also shows that parabolizing lK.‘Coines 
more iiii])ortaiit for shorter focus and larger aperture. 
I’arabolizing tan be etfocted in two simple nicthods : 
(ii) by changing th.e polishing strokes, (/>) by chang- 
ing the i)olishing tool. In any case, parabolizing is 
done by the polishing method and not in the 
-rinding stage, and it is dmie when a perfect 
polished spherical curvature has been obtained. 

(a) (h'cr-hiini^ M cl hod : If the spherical mirror 
is now polished on the pitch tool (as it was) with 
.ibout 1/5 or ,'4 diameter “over-hang” (Fig. S) the 



Fm. 8 

Over-liaiig stnikcM 

A is llu" centre of mirror disc a, H is ilie ventre 
of tool disc li. A.H gives (lie o\er-li.'ing of llie 
mirror across tlie edge of tin tool. The str.ught 
a^^n\^s showing strokes. .\ will tnovc round 
the dolled arrow. 

' viiire of the mirror will polish out more (luickly 
bian the outer parts tending to i paralxdic figure. 


Five minutes’ work is sufficient to test the progress 
of the figure. Fiit alK)nt half an hour must Ik* 
allowed to ecpialise the temperature. The measure- 
ment is done by the knife edge method. This is to 
measure the difTeremv ( A K) between the radii of 
curvaliiros for the centre and the rim of the mirror. 

A cardboard is taken and perforated at the centre 
with a i}'/ ineh aperture and the mirror is covered 
with it 'rile centre of the mirror is thus exposed 
and the knife edge locales the eeiitre of eiirvatiire as 
desL-ribed in the I'oiicanlt’s test. The position of the 
base of the knife edge is marked. Then the card- 
board is removed and rei)laced by another having 
two seelors oiieiiing the extreme rims ^4 bicli wide 
and j ineh .arc on the diametral ends. 'iMie position 
of the knife edge is marked again when 1>{)th the 
illuminated sectors darken down simultaneously. 
The change of position of the knife gives the difTer- 
cnee of radii of euiwalnres ( ^ K). 

It is however useful to under-corrcct the mirror 
due to the falling teiiipcialnre of the evening atmos- 
phere when the observations are usually taken, h'or 
plate glass mirror i /.; of the calculated aiminnt may 
be left nncorrected. Thus, for the 6 inch F/8 mirror 
we mav'stop parabolizing wdien w'e find A - S x 2.3^^ 
mm. or nearly so. 

(b) Gradnated-facct Method ; The other method 
of parabolizing is to alter the tool. The tool used 
for polishing the mirror had pitch S(|uarcs cut by 
straight channels. But now the cuts are gradually 
uddeiicd rmt at either ends (Fig. 5 M. Tf now polish- 
ing is continued with diametral short strokes 
(exactly the repetition of the spherical polishing 
process), the sphere will tend to a paraboloid. The 
underlying principle is that the outer pitch squares 
arc gradually smaller than the middle ones, so that 
the centre of the spherical mirror polishes out faster 
— tending towards a parabola. 

Thrortrs of Orixotno .\nd Poi.TsrriNr, or 0.r.Ass 

After these practical hints, it will be interesting 
to discuss here the underlying principles. Let us 
first see wffiat ‘grinding’ really means. Diamond is 
harder than glass, so that the diamond point will cut 
or scratch gla.ss. As the point is dragged along the 
glass surface, the latter goes on breaking in fine 
scales. W’hen examined under a microscope the 
scratch shows a series of conchoidal break's. Carbo- 
rundum is also much harder than glass, and it does 
the same job in grinding. Wlien carborundum is put 
between the faces of two glass plates and ground on, 
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the grit breaks the surfaces into liny conchoidal 
flakes. 

It is interesting to compare the action of glass- 
tool and nietal-lool used for mirror or lens grinding. 
When glass is ground on glass-tool, the carbo or 
emery ruts both the discs {e.g., niiiTor and tool) 
e(iually, so that both of them lake up the .same 
curvature. Rut a nictal-tool doi-s not itself grind off 
so fast when used against glass. In fact, the softer 
the metal, the faster it will cut glass with an abrasive. 
Naturally so, because the culling particles are 
embedded in the Soft metal (lead, copper, brass, iron) 
which drags so manv scratching points over the glass. 
There is very little relative motion between the 
metal and the abrasive when there is glass under 
them, and so the metal -tool is not put to wear. This 
is why copper rod or lube is preferred in drilling 
glass. Such drilling will be necessary for the 
amateur telescope-maker if he wants to make a 
Cassegrainian Mirror which will be described in the 
next part. 

The phenomenon of glass polishing is rather 
difficult to understand. Many theories have been put 
forward, but no single theory has proved conclusive. 
At the very first sight it appears that the rouge acts 
as fine abrasive and cuts the rough surface so finely 
that the final surface becomes smooth and polished. 
It is surely a major operation. But rouge i.s not all. 
It has already Ikjcti said that the tfx)l (pitch, resin, 
felt, leather, cloth, paper, etc.) plays an important 
part in the speed and rpiality of polish. 

A simple and long-standing theory is that rouge 
particles behave as tiny cutters. But later another 
theory has been advanced, which they call 
the ‘flow theory*. The idea is that the glass- 
molecules are removed from the peaks of the uneven 
ground surface to flow into and fill up the pits below, 
the rouge acting as lubricant. Investigations were 
carried out to conclude between the ‘cutting* andt 
‘filliifg* action in the process of poli.shing, and it has 
been demonstrated that both the actions are present. 
The molecular-flow is explained by holding that the 
energy expended in polishing is manifested as heat 
which is .sufficient to lower the viscosity of the glass 
near the .surface b> such a degree that the hyper thin 
film — ‘beta-layer’ can be made to flow. The ‘flow* 
effect has l>een demonstrated in a very interesting 
way. A scratch was polished with .strokes perpendi- 
cular to it, it worked out (piite well and {iiiickly. But 
'vhen this area was etched with hydrofluoric acid, 
the scratch was again revealed. 


The chemical examination of the spent rouge 
after polishing showed a very small iiuantity of silica 
coming out of the glass surface by the process ol 
polishing. This by all means proves that there is 
some removal of glass by the abrasive action of iIk 
rouge. 'I'he removal of glass may also be conclude* 1 
from the fact that a polished spherical glass mirror 
takes up the parabolic figure by the very act oi 
polishing. 

Sti.vkrtno 

The last work on mirror is the silvering. 
Among other chemical processes Brashcar’s method 
is the l)est. The process may Ik; found described 
ill many books *jn cbeiiiistry ami on laboratory 
techniiiue, so that imly a very brief account will 1 h 
given her(\ A solution of silver salt is reduced to 
metallic silver by a reducing solution, ai;d this silvi r 
can be depo.siled ()ii a glass placed in the bath. Tlu 
silvering should be done at temperatures below KSOf, 
preferably l^etwecii 12-I4°C, with the help of ii\ 
bath. We reipiire three solutions A, li and C 
follows : 


J. Rc<hicing Miliilioii (stock) 

vSu.gar (ordinary char crystal) 45 gin 

Nitric acid ... ... 2 gin. 

Distilled water ... ... 500 e.e. 

Kthyl Alcohol ... ... 88 c.c, 


Boil the sugar, acid and water together, add tin 
water lost by evaporation, and when c(xd, mix up 
the alcolu>l. ()ld solution works better, so ])repaie 
tile stock solution a few day.= in advance, and stoci 
the excess for future. 

Now make the stock silvering solutions a< 
follow^s : 

B. Silver iiitraU* 15 gm. + 150 c.c. distilled water. 

('. Caustic Potash 8 gin. f 80 c.e. ,, ,, 

Remembering that U' gm. of silver nitrate is re- 
(|iiired for i stj. inch of surface, we shall require 
7 gm. of silver nitrate ( = 70 c.c. of soln., B) for 6-iiK'li 
disc which has 28 sq. inch surface; and half this 
amount ("'.SS c.c.) of solution C. The quantity 
reducing solution will 1>e 42 c.c. (6 c.c. for each gm 
of sdver nitrate). 

The mirror surface is thoroughly washed up 
with soap, caustic potash 10% soln., and strong 
nitric acid, and finally with plenty of tap water aiui 
then with di.stilled water. The chemically clean 
mirror is then kept waiting face up under distil let ' 
water in a suitable dish. 
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70 c.c. of B is taken in a beaker and amnioniate<l 
with strong liquor aniinonia. Amnioiiia must be 
:Kl(led drop by drop and stirred up thoroughly. The 
solution first turns black, but the precipitate dissolves 
with excess of ammonia. When a trace of turbidity 
is retained the ammoiiialion should be slopped. 

Then 35 c.c. of solution C is added when the 
solution turns again dark. The ammoniation is re- 
peated until pale yellow or straw colour is regained. 
()ne must be very careful not to overdo the ammo- 
iiiation. Now about 10 c.c. of B is again put into it 
wlicn the whole thing turns black. The solution is 
llicTi filtered and the straw coloured clear licjuid is 
mixed up with 42 c.c. of solution A, and immediately 
poured over the mirroi\j^ ; water in which the 
mirror was waiting m* he poured off. It will 

be found at once 1/ ..e solution is turning black 

indicating the separation of metallic silver from the 
solution. 


Silvering is complete in five minutes. The 
mirror is then washed under a softly running tap, 
and the surface swablied lightly by a lump of wet 
cotton w(M)l. The mirror is finally washed with dis- 
tilled water, and dried quickly before a blower (hot 
or cold) to avoid the formation of yellow .stain. The 
silver film need not lx? polished, for that usually 
means more harm than good. 

I'o he Continued. 
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LAZY CORN EXPLAINED 

ba/.y corn, that sprawls flat on the ground instead of slaiidiiig erect, is given a j)hysiological ex- 
I'laiiation in The Botanical Gazette, by Dr John Shafer, Jr, of Cornell University. 

If a normal cornstalk (or any other plant) is laid horizontally, alMuit 6o per cent of its auxin, or 
growth-promoting hormone, becomes concentrated on the lower side, making that side grow bister and causing 
file stalk to curve upward into normal position again. 

In lazy corn this condition is reversed. The plant perversely concentrates 55 per cent of its 
honiione on the upper side of the stalk, keeping it in its prostrate position. 

I<aziness in corn is a hereditary defect. Such corn is useless for practical purposes and is grown only 
a curiosity, 


— Science Digest. 



Silvicultural Researches in India 


^r[,VIC'l.'l/r(n<AK rcscaich is concerned with the 
whole of tile j»rodnctinii side of forestry. If 
forests are to he manai^ed coinniercially so as to 
in'odiice the tiiaximuiii net returns to their owners, 
it is necessary to have iletailed silvicultural know- 
ledge of how the forests should lie treated from the 
time of sowiii" the seed until the trees are finally 
felled. It is the eonstaiit aim of silvicultural research 
to improve the iircKluclivity <if all land dedicated to 
the Rrowinp- of forest crops. 

RKf'.KNKKATlON h'xiMCRlMKNT.S 

It is axiomatic that a forest cannot he worked 
continuously without de.Liradalion unless young trees 
are established to take the place of tliose felled. In 
the mixed troiiieal evergreen forests, of jiarls of 
Afadras, Rom hay, Assam an<l Heiigal, for instance, 
no intensive working was possible n]) to within reeent 
years beeanse we did not know how to regenerate 
them, and eonseciueiitly the returns from this type 
of forest were very low. Intensive silvicultural re- 
search has recently shown how a certain degree of 
success can l)C obtained by planting valuable ever- 
green species under high toj) canopy shade, or by 
the use of auxiliary shade crojis and as a result more 
intensive exploitation is now i)ossiblc with corres- 
pondingly improved financial returns, and further- 
more, the new crops that are being raised will have 
a higher laoportion of viduahle species in them than 
the original forest . 

Imckovkmknt of Dry I''uur. Porusts 

Another example of silvicultural research step; 
[ling* ill to save a diflicult situation is in the fuel 
forests of the Ifot dry localities in South India and 
elsewhere. Previously the.se forests had been worked 
by clear felling on a short rotation of .^o to 40 years, 
relying for regeneration on the sprouting of the 
stumps of the trees (‘‘coppicing*’) together with a 
certain amount of new regeneration from fallen seed. 
Statistical studies by the local Silviculturist elicited 
the fact that these forests were gradually detcrioral- 
iiig under the treatment then in practice. After to 
years of intensive silvicultural research it has now 
been discovered how to raise at an economic cost 


many of the more iinportanl firewood species und. 
conditions of great heat and very low and irregula 
rainfall. As a re.sult, it is ixissible to continue in- 
tensive working of these forests which are vital ti. 
the local population, supplying their reiiuirenieiii 
of fuel aiF all timber ; and instead of the fo^e^t• 
deterioratin' annual yields becoming less aiiil 

less thev arc big improved. 

UKDUC'I'KTN . TATTON LinSTS 

•' a ver.» 

vSilvicnltural researeii<. silvd.; intly at work on 
problems connected with the "‘'•■♦'iiiclioii of costs o| 
plantation operations. Studies have to he made o; 
the best ways of getting seeds to germinate, the besi 
(luaiitity of seed to use in nurseries and in the licl'l. 
improved methods of sow ing, whether to shade or iiol, 
whether sowing .should be done direct in the plinla 
lion, or whether nursery raisetl transplants 01 
“.stumps” (root and shoot cuttings from mir.ser\ 
seedling.s) should be used, wdiat size of seedling o; 
stump is be.st, w’hat is the best season for plaiitin -, 
Innv mitch, or rather how' little soil working and weed- 
ing is necessary, and so on. A mistake in any oiii 
of these details may make all the difTereiice lielweeii 
a successful ])lantation and an expensive failure. A 
recent example from teak plantation re.search ilhc 
trates this point. Kxperimeiits carried out over 1 
period of 5 years in 4 or 5 different localities in tin 
west coa.st di.stricts of ^Madras show’cd that if “slump''’ 
of teak of a certain range of size (o'4" — o’S" diameter) 
were planted oul six wrecks before the monsoon, and 
a certain type of weeding by .scraping was done, tin 
resultant growth was so rapid and the gain in siiiwival 
percentage sf) great that the total cost of forniali''n 
was reduced by Rs. 5/- to Rs. 12/- per acre. 

Suitaulk Trkks for Plantations 

vSilvicnltural research is constantly engaged ii. 
determining what species are suitable for dificrem 
.soils and climatic conditions. Whenever any specii 
is found by the utilisation experts to be .specially .go»)<' 
for any particular industrial puri)Ose {e-g., niatche-. 
paper-making, plywood, tanning bark etc.), th 
silviculturists in the different provinces in India 
to work to determine the silvicultural requirements 



sovember, 1940 


Sti<vicui,turai. Researches in India 


275 


1 tlie species and to work out the best planlalion 
, I'liiiiquc /or it. vSiiiiilarly any species for which * 
demand exists or spring’s up is fully invesliKated 
’ V the silviculturists. 

AkFOKK.STATK >\ KxrKRlMKNTS 

'rhere are large areas of India where the soil is 
lui) poor or the climate too dry for any form of agri- 
( iillnre, or where, owing to ilestruction of the forest 
111 tile i>ast locality conditions have changed for the 
A. use. Instances are the “Hhur” and “Usar” areas 
( l’ tile United Provinces, the “Kallar” areas and the 
( Huled areas of the vSiwaliks in the Punjab, dry barren 
ureas in parts of Hihar and Hombay, shifting wind- 
l.ldwn sands of the south of Madras and in Orissa, 
liigli-level grass-land in the Nilgiris, etc. vSilvi- 
eiilliiial research is constantly at work trying to find 
-nilable species and suitable methods of afforesting 
Micli localities, and notable advances have been made 
ill this direction in recent years. 

.X.VrUKM, kK<nCNKRATl()N IvXPKRlMKNTS 

W'here “natural regeneration” the regeiiera- 
in)ii of crops from natural seed-fall or sprouting of 
^liuiips with little or no plantingj can be achieved it 
ih generally cheaper than making artificial planta- 
liuiis. It is, at tile sjune time, an operation requiring 
a considerable amount of skill and silvicultural know- 
ledge, and involves such oi>eratious as maniimlation 
"f tile forest canopy to the correct degree, burning or 
alternatively fire protection, gra/iiig to keep down 
eiass, or alternatively fencing to prevent browsing, 
weeding at critical periods and other operations for 
producing conditions favourable for the germination 
'»! the seed and the establishment of the seedlings. 
l'lxi)erinients to ascertain the effects of the numerous 
I ojitrollable ecological factors in the forest on the 
reeiuitment and e.stablishmciit of reproduction of 
desired species form an iniportaiit part of the pro- 
;-iauiiiics of research of the silvicultural branches in 
the provinces, and have as their aim the development 
a cheap and .successful technique for regenerating 
the forests in (luestiou by natural metlnxls. 

Ticndinc; and Thinning I^xpkrimknts 

Tree crops once established have to be tended 
"td thinned in such a way as to produce the 
'•axinium quantity of the desired form of produce — 
it firewood, clean timber, bark for tanning, heart- 
''\<)od for extraction of valuable product, etc. Silvi- 


cultural experiments are in progress in crops of a 
great number of the more important economic species 
to determine the best intensity and jteriodicity of 
thinning, and the best type of tliinning in each case. 

\ AKJKTAi. 'I'riai.s 

Just as ill agricultural crops, trees of one species 
may vary very considerably in their properties, and 
in such variations are often hereditary, h'or instance, 
Cliir pine trees vary in their re.siii jiroducing capacity 
and sometimes have badly twisted fibre. .Itur/as pro- 
<lncing tan barks vary in the tannin content of llie 
iKirk, teak trees of difi'erent origins vary in growth 
form, branchincss, fluting of the stem, rate of growth 
and in frost-tenderness, iiidividnal trees occur in 
many species which have valuable ornamental figure, 
or alternatively bad characlers like iiitcrloeked grain. 
I'here is an enormous field for silvicultural lesearcli 
in detenu ill ing to what extent desirable or undesirable 
characters are inherilod or not and in isolating and 
breeding strains of trees having valuable projierties 
and in eliminating strains which have un<le.sirable 
ones. A considerable amount of work is already in 
pnigress with the.se objects in view. 

.Maxagk micnt vStatistics 

For the pr()i)er management of forests, .so as to 
l»ro(luce the higlicst sustained returns, detailed 
.statistical knowledge of the gn)wlh of crops throngli- 
uul their lifetime is fniulanienlally necessary. Tlie 
determiiiatioii of the most laofitable age ui si/e at 
wliicli crops should be e.\])luiled and the calculation 
c;f the permissible yield that may lie extracted annu- 
ally from the forest without encroaching on the 
growing cajntal are delieiuleiit iii»oil these statistics. 
In even-aged crujis and plantations they are collected 
by the jieiiodic remeasureiiient of small sample areas 
• ilislribuletl over tin.- full range of age classes and of 
soil and site (luality classes, 'riicre are, a’t the 
moment, about such sample plots under 

nieasureiiieiits, the data from which arc all coiiq)iiteu 
and compiled into yield tables in the statistical sec- 
tion of the Silvicultural Hranch of the F«jiLst Researcli 
Institute. Statistics for increment in irregular forests 
and in mi.xcd cnqis are similarly collecte<l, as well a.s 
data for determining the cubic contents of standing 
trees. These “volume tables” as tliey are 'termed are 
essential for the satisfactory organisation on exploita- 
tion work, and enable contractors to know what out- 
turn of round logs or of sawn timber may be ex- 
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pectcd from the slaiuliiig crops they have purchased. 
Jhuk pcrccMitagc and heart wood percentage data are 
also utilised. 

Statistical iiiaiiagement studies are also made in 
other t>’pes of crops, a notable example being bani- 
l)oos winked either for paper making or for supplying 
local markets. Here it is necessary to determine the 
licst method of regulating cutting so as to obtain the 
maxiiiiuin output of the required type of bamboo, and 
also to oldain statistics of the yield per acre of pro- 
perly managed bamboo forest. 

PR( >THCTI( )N 1*K( )HLKMS 

Forests suffer from numerous enemies, the 
greatest of which is mankind himself. x\part from 
insect i-ests and fungal diseases, which are dealt with 
by the lintomolo^nist and the Mycologist respectively 
all (jther protection problems, such as prevention of 
damage by wild or domestic animals, protection from 
fire, the eradication of parasitic plants, weeds and 
pests such as baiitaiia and lhii)atorcum, climbers etc., 
fall to th.e Silviculturist for solution, as also problems 
concerned with the maintenance or formation of 
forests for flood prevention and for checking erosion. 
Studies of grassland imi)rovement and grazing 
management in connection with forestry have recently 
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come within the sphere of the silviculturist’s problem 
of work. 

DoCUiMKNTATION .\ND SuPPIvY OF INFORMATION 

The field covered by silvicultural research ha^ 
l)een indicated in the above very brief account. When 
it is realised that there are several hundreds of eco- 
nomic species in India under investigation at an> 
one time, the wide scope of the work can be appre- 
ciated. The investigations, which have of necessity, 
mo.stly to be conducted in the forests themselves b> 
local silvicultural research workers are coordinated 
through the Central Silviculturist at Dehra Dun, an«l 
all results of investigation as well as all other useful 
silvicultural information is systematically placed on 
record, and is available for replying to the numerous 
eiKiuirics received from private individuals as well 
as from official sources , and from abroad as well as 
in India. The function of the silviculturist’s offict- 
as an information bureau is an ever increasing one, 
and one which owing to shortage of staff, has not 
been able to expand sufficiently to meet all demands 
made on it.* 

* Kitidly communicated by the President of the P'orcsl 
Research Institute, Dehra Dun. 
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Obituary 

SiK JOCKI/YN FlHKD TiiOKPK died suddenly on June 
1 ) last, at the White House, Sussex. Horn in iS7.», 
Ik- was educated at King's College, l.ondoii and at 
ihe Royal College of Science. He later took a Ph.I). 
ilegrce working under Victor !Meyer at Heidelberg. 
Ill iS()5 he joined Owens College, Manchester as a 
I d low and remained there for 15 years. He came 
under the influence of W. H. Perkin (Jr.) and 
jointly and alone published ixipers on subjects which 
^e^ved later as the foundation for many of the 
modern developments in organic chemistry. After 
tlie expansion of the Imperial College at South 
Kensington he was api-wunted a professor in iqm 
wlieiv lie remained until his retironieiit in tq.V-). 
Here he trained a largo number of students and 
pl-iyed no insigniUcant role in placing his country 
ill tile leading ])osition in organic chemistry which 
ii occupies today. 

Thori)e had a passion for the advancement of 
cheinistry on co-operative lines and he made a great 
i-lToil to unite various eheiiiical iiileresls. He was a 
member of almost every chemical committee set u]i 
(luring the last 25 years and also served as president 
nl both the Chemical Society and the Institute of 
t'lieinistry. 

Monograph on Excavations at Harappa 

A dktailKd account of iliscoveries made at 
ll.'irai)pa, in the Punjab, has recently been imblished 
bv the Archiiiological Survey of India in a suiiip- 
iii<»usly illustrated monograph on Excavations at 
b:ira]ipa. The excavations at Harappa were carried 
''III first by the late Rai Bahadur Daya Ram Sahni 
‘"id then by Mr M. S. Vats, Deputy Director General 
‘1 Archfcology, who has edited the publication. 

^ he present volumes together with the previously 
published 5 volumes on Mohenjo-daro by Sir John 
-b'lrsliall and Dr Mackay complete the official 
•'‘ ^<nuit of the large-scale excavations in the Indus 
\ illcK . The discoveries at Harappa range over a 
'■"liod of 20 years. We liope to publish a review of 
monograph in a subsequent issue. 


Harappa which has been known for over kkj 
ycar.s, is larger in extent and had a much longer 
si»an of life than Mohenjo-daro, and reveals phases 
which are definitely earlier jis well as later. 
Amongst the earliest finds at Harapiia are miniature 
seals and sealings dated to the secoiul (piarler of 
ihe 4th milleiiiiiuin B.C., a period not reached at 
Mohenjo-daro. 'i'bese .seals arc generally of burnt 
steatite, less fieipienlly of laieiice or paste and 
rarely of shell and are characterised by Hie absence 
of any knob, and also of the unicorn and other 
animals, (with the sole exception of the ghariiil,) 
found on the later slami> seals, 'file range of their 
iuscriplions is limited, but the variety of their 
shapes is truly ama/iiig, over 20 varieties having 
been traced out by now. 

The eeiiieiery at Harappa is uiiiciiie in India, but 
it lieUmgs to a distinctly later period. The cemetery 
contains two strata one above the other ; the upper 
one of pot-burials which contained human remains 
including skulls anil a few' bones, and the low^er one 
of earth-burials consigned to graves in the ground 
and accoiiii)aiiied generally l)y grave furniture which 
the dead person was apparently believed to require. 
The burial pottery is of liner grain and the shapes 
are more highly developed and elegant than in the 
secular pottery found in the city sites. The 
paintings on the burial pottery show preference for 
animal and realistic motifs such as the goat, deer, 
bull and peacock, kites and lish, as well as for 
plants, trees, leaves and stars, while the paintings on 
Ihe secular pottery show a bias in favoinr of 
geometrical and linear i>atterns. A study of the 
skulls by anthropologists has revealed that all the 
liriiicipal racial strains in India were represented in 
the poj>ulation of those early days. 

In the city site, a remarkable discovery is the 
( Treat Granary, the largest of the buildings left over 
from the old days. The Granary consists of two 
similar blocks separated from each other by. an aisle 
23 feet wide, which was once roofed over. Each 
block comprises six halls, alternating regularly with 
five corridors, in all cases the walls rising to a 
uniform height. The halls are each partitioned into 
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filin' narrow divisions Ly three etinidislanl full- 
leiij^lh liriek walls lenninatiiiK in broader iders. 
'rile resulting aperture made their spanning by 
eorbellin.e or liiidieriiii* easy. This extraordinary 
eoni])lex measures ihu feet by 1.^5 feet. The halls 
had no doubt timbered floors which rested on the 
partilimi walls bel<»w. Access to them could Ik* 
had direct from the corridors, which iirobably sloped 
uji to the entrance hall, or from the aisle side. In 
some of the Roman I'oits in Knj;land there are 
.structures remarkably like this (iianary with the 
same narrow ^^alleries and the same small apertures 
at the bottom of the end walls inteiideil to allow 
circulation nt air under the Hour to prevent the i*rain 
becoming mildcw’ed. 

Another disc'overy at Harapiia is what may be 
called the Workmen’s Quarters, tiivin.e distinct 
evidence of careful planning far ahead of any coii- 
teinpi.rary attempt, h'ourteen small houses built in 
two blocks of seven houses each, separated by a long 
narrow lane, with a similar lane at either end have 
so far been brought to light. 'Phe three lanes are 
regularly inteisected by a series of six cross-lanes, 
having the effect of making each dwelling open on 
all sides, h'ach liou.se is rectangular and consists of 
a c/)urt\'ard and two rooms, viz., a small room 
Hanking an obliiiue entrance ]>assa.ge and a bigger 
room at the back (»f the conrly.'ird. 1'he entrance is 
so plaiiii -d as to .sliul out a view' of the courtyard 
from the outside. The houses bear a striking 
reseinblaiic* to the workmen’s cottages at Tel-h'l- 
Amariia in Egypt (which dale to a perioil at least 
i.;o() years l.ilcr), except that the cottages at 'I'el-h'l- 
,\marna being built in continuous rows, have no 
cross-laiies and are open on two siiles vuily. 

Among other important linds from Harappa 
mention may be made of two small nude male stone 
statuettes in the round of prehistoric origin. One 
of them is a torso, with frontal i)OSe, in red saiul- 
stone and the other an ithyphallic dancer in dark 
grey stone. They are made in parts and are of 
high artistic merit with refined and wonderfully 
truthful modelling, incomparably superior to the 
statuary foumr at Moheiijo-daro. Their tliscovery 
has, in elTect, revolutionised existing ideas alnjiit the 
origin of Indian art and its techniiiue. 

Jewellery and Crafts in Harappa 

A KK^r.tKKAHMt collection of jewellery consisting 
of gold, * silver, stone, faience and .shell objects, has 
been found below the foundation of a wall in the 
Workmen’s Quarters. Those of gold comprise a 
hollow armlet and Ixingle, a conical ornament for 
the temple or forehead, a heart-shaped pendant 


inlaid with blue faience, a brooch with silver 
backing shaped like the number S and inlaid 
with tw'o lows of tiny, cylindrical steatite iK^ads, 
having gold ends, a necklace coii.sistiiig of 240 lH?ads 
in four strings, two wristlets of beads and two small 
eoiiical iH)SSes, and an assorted string of 27 beads. 
One broken .‘•ilver bangle, nuiueroiis fragments ut 
another, six necklaces consisting of pendants and 
other beads of gold, steatite, agate, jade, blood-stoiH 
and faience, three necklaces of cornelian and two 
each of stcaliUf and faieiuv and one of shell conipleti 
the lot. 

Another important di.scovery is a Tnediuin-si/ed, 
round copper jar, sealed with a lid, which conccaleil 
a hoard ni imploinenls and utensils in excellent 
preservation, and a small copper chariot. 'fliv 
forniei contained as many as 70 weapons and imi»k 
nieiits and several hollow and solid bangles, reaib 
as well as in the process of mannfactnrc. A coin- 
l)lete idea of the ancient carts, with its roof and 
driver is given by the models in copper, recox'ered 
from Haraifpa. The Harai)pa chariot is twn- 
wheeled, ojkmi in front and back, but has a gal»K(l 
nH)f which, with the side-walls, is relieved with 
siiiirde linear decoration. The driver is seated in 
front on a raised seat, but the aniimil yoked to it 
(no doubt a bullock, as the horse was unknown), llu- 
poles, wheels and the axle are missing. Tliesi.- 
earliest Indian vehicles are, if anything, superior tc 
the crude carts of rural Siud in the present day. 

Ivv'ideiice of a highly developed ceramic and metal 
industry is afforded by 16 small furnaces, mure m 
less fragmeiilary, found at the place. One of Hrm 
consists only of a re ind ixdtery jar ; two ni 
cylindrical pits dug in the ground, the i)it in nia 
case being brick lined ; and thirteen pear-.^^liaiied 
l)ils, eight with and five without brick lining in 
some cases provided with a small rectangular pillar 
with an ai: passage for the circulation of heal, and 
in one ca.se with a dividing wall. 

The furnaces give indications of varying degree^ 
of lieat and of repeated use. From their small si/i.- 
and signs of intense vitrification the conclusion lia^ 
been drawn that the furnaces were not used fur 
firing ordinary pottery w^are but were designed for 
the casting of metal objects, which, there is ahmi' 
dant evidence to show, were manufaclured locally 
or for the firing of small faience objects such as 
miniature vessels, s(]iiirrels, rams, beads, sundries 
for inlay, jewellery of this material and .stonewai'e 
bangles ; as well as for glazing steatite seals, faieruv 
sealings, vessels, etc., for putting on bands uf 
coloured frit on S(.)mc faience vases ; and for etching 
cornelian bead— processes which imply efficient 
arrangements for quickly reaching a very high 
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decree of heat and equally rapid co<jlinK arraiij>e- 
iiieiit in order to keep the colours bright. To judge 
from the light weight of the ashes and the intensity 
of the fire, charcoal seems to have been used in 
most cases. 

War Economy and Utilization of Waste 

TiiK annual national ex])eiiditiire of the Hritish 
('.overnment was million during the year 

hefore the <nitbrcak of the present war. During tho 
present year it has jumped up to /4000 million. 
I'veii increased war time elTort can meet only a 
Iraction of tliis increased expenditure sr> that the 
nation is exploring all means of jiractising strict 
oeonomy and to avoid waste of any form. Waste 
household products which in ordinary times were 
consigned to flames or the rubbish heap are now 
going to be gathered up and utilised as raw materials 
.h.r other valuable products. A special department 
of the Ministry of Supply - the salvage tlepartineut — 
lias already been si*t up to cojie with the problem. 
Some figures will give an idea of what huge preven- 
lible wastes were going on in that country before 
llie war. Over a million tons of paper and card- 
hoard w'ere thrown annually into Pritain’s dustbins 
and during the present year the monthly tonnage 
of waste i)ai>er collected rose to q,()r)o tons. Cotton 
lags usually considered absolutely useless and worth- 
lcs.s are u.sed in the manufacture of high grade paper 
and the industry has flourished in West Riding 
of Yorkshire for a long time. The industry had to 
depend on imported siqiidies, but collection of old 
and long discarded clothes will now’ make a substan- 
lial increase in home suj^ply. 

V'arious uses have been found for dilTereiit types 
ol animal and vegetable refuse, c.g^., the household 
cooked bone had scarcely any value at all. (^ne 
eighth of its weight is fat, one eighth glue, and the 
remaining three (piarters after treatment will now 
vield food for cattle or fertilizer for the soil. So 
much imi)ortance has been attached to the utilisa- 
• oil ()f wastes that the Ministry of Sn])])ly lias now 
•'iiiionnced that all hx'al aiitliorities with populations 
'>1 more than 10, coo will have to arrange efficient 
"'vsterns of siilvage and householder in these areas 
''ill be obliged to co-operate in the collection of 
"astc paper and cardboard, scrap metals and house- 
hold bones and other materials which may be added 
h» the list from lime to time. 

New Method of Rendering a Poisonous Snake 
Harmless 

Tiir usual method of rendering a poisonous 
’'iiake harmless by extracting its fangs disflgures the 


snake and soinetimcs wen its haldt seems to change. 
Recently an electro-coagulating device for rendering 
poisonous snakes harmless, has l)een perfected by 
Duval H. Jorxos, in wdiicli lie employs a high 
frequency current of about one inilli«m cycles i)ei 
second. The escape of the venom from the ])oisoii 
gland and its passage to the fang is prevented by 
the destniclioii of 1. portion of the duct. An 
account of how- the operator CJiii manage the entire 
o])eratioii withcnit assistance and in .safety has l>een 
given in /oolo^ica of ^larcli, lO-jo. Already a 
niiml)er of snakes ranging from eight inches to four 
feet were treated by the above method and were 
foiiiul to l)e thriving (piite normally without being 
ill any way disfigured or their habits hav ing ehaiiged 
in imy w’ay. < fliservatifnis coiiliiuu-d nvi v a year 
iiidieale that the lesult of the oceliisi«)U of the duct 
is permanent. 

Energy Distribution in the Ultra-violet Solar 
Spectrum 

kliruKT on the energy distribution in the 
ultra-violet solar spectrum has been jniblished by 
b*. Petit in Aslr(yfy}i\\siciil fourunJ <;/, 15;), ki^o. 

The report embodies five years’ work at the .Mount 
W’ilson Observatory. The radiation from the centre 
of the sun’s disc were used and the light was fed 
from an aluminized siderostal minor through a 
double ipiartz monochromator on to a vacuum 
lheri!H)pile. I'he results, reduced to no atmos])here 
yields spectral energy curves showing intensity 
dro])S by 50 per cent, between 4ooo;\ and .vS(.)oA, 
remaiiiiiig nearly constant to .vkS'>A, and then again 
falling at a linear rale to a low value at 2g;*o.\. 
The efl'eci of I'raiinhofei line ahsoi'iitioii was 
eliminated so far as ]>ossible by obtaining au.xiliarv 
energy curves with a 21 ft. grating monochromator 
Mild a photocell, b'veii then the cuive showed most 
of the de])ressioiis note«l bv prev ious workers and is 
far removed fruiii that of a black body. The absorj)- 
tion siieclrum of ozone is not sufficient to account 
entirely for the form of the curve and its departures 
• from the black bodv ly|)e seems to be real. 

Large-Screen Television Projection 

I’l* till now television has ‘'Ufl'ered from this 
disability that the pictures received are not com- 
parable in size and Inighluess with tlu>se |)roduccd 
by the cinematograph. This can never be achieved 
until it is practicable to apply the i)rinci]des of 
optical projection of the pictures using a standard 
form of light source of a suitable magnitude. l>r A. 
H. Rosenthal has developed an iiistnimeiU, which 
he has termed ‘Skiatron’ which makes possible such 
projection without using any intermediate film on 
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which the picture is to be ])hotograi)hically recorded 
and then projected. The principle of the device is 
based upon the fad that certain materials like 
polassiuin chloride, normally Iranspaient become 
coloured and more or less oiia(iue when subjected to 
cathode ray boinbardnieiil. In the vSkiatron the 
cathode ray receivint!: tube is replaced by a plate of 
l)otassium chloride crystals mounted between two 
transi)arent electrodes. As this idate is scanned by 
the electron beam an o])a(iue de])osit is produced, 
the density of which is everywhere proportional to 
the instantaneous intensity of the beam. The screen 
thus carries durin.ti each frame period of complete 
<|uas!-stationary picture, which may be i>rojected 
f)piieally like a ('inemato.ura])!! film. The opaque 
deposit may however be (piickly removed by the 
ai)plication of an electric field between the electrodes 
]»laced on either side of the crystal. The speed of 
obliteration depeiid.s on the field strenL»th and 
temperature of the crystal and in the instrument, 
these are so adjusted that the dejiosits are removed 
in the interval between successive scannin.qs. One 
additional advanta.i;e over the usual cathode ray tulK* 
arransemeiil is that in the latter the picture pro- 
jected On the fluorescent .screen is continuously 
varyin.i* whereas in the vSkiatron the picture is (junsi- 
stationary and the picture repetition fre<juency used 
in the Skiatron can be reduced to a value just 
suflicient to avoid flicker. Dr Rosenthal has also 
devised an arrangement of usiiii*- three of these tul>es 
for reproduction of coloured i)ictures. 


Aero-medical Research 

SoMK time ago Colonel bindbergh emphasized 
the necessity of increasing the facilities for research 
in various fields connected with aviation and also 
pointed out that one of the fields very much 
neglected was that of aero-medical research. M'hc 
effects of anoxemia (insufllciency of oxygen) at high 
altitude are known for a long time, but it is only 
within the last two or three vears that any real 
advance has been made in ])erfecting the apparatus* 
for administration of oxygen to pilots and passengers 
of air planes. l 3 oothby and others have dewloped 
a type of apparatus which reciuiros only one (piarter 
as much oxygen per minute per indiviilual of what 
was previously re(|uired. The other imi)ortant 
problem is connected with the rajudity of ascent. 
At present a rate of ascent of one mile per minute 
has been reached. But how fast can the human 
body ]^c decompressed from full nitrogen saturation 
at sea-level? Tables of decompression have been 
worked out for pressures higher than one atmosphere 
in the lalxiratory of the experimental diving unit 
but no data is available for pressure below one 


atmosphere. This problem needs immediate invest i 
gation and the Mayo Foundation has installed : 
pressure chaiiil.>cr for this puri^ose in the laborator\ 
of metal)olic investigation to study how fast tli. 
human l>ody ean lx: decompressed without injiir\ 
iHjtli at high and low pressures. The Foundation 
also lu'oposes to start other phases of aero-medica! 
research connected with the transport of patients 
safely by air. 

Award of Franklin Medals to L. H. Baekeland 
and A. H. Compton 

This yiar llu? Franklin Institute bestowe<l ii^ 
highest award upon Leo Hendrik Baekeland, llu 
inventor of bakclite and Arthur Holly Compt«)ii 
whose work on X-ray and cosmic rays has won fni 
him an international reputation as a physicist. 

Dr Baekeland tbougli best known as llu' 
inventor of bakelite, lias made important contribu- 
tions in other fields. A native of Belgium, 
Dr Baekeland came to TJ. vS. A. in iSSq and was 
employed as a chemist in one of the largest plujtn- 
graphic supply bouse in the country. I<atcr in 
collaboration with !<. Jacobin he started manu- 
facturing photographic jiapers and chemicals and one 
of their products ‘Velox^ paper was considered as a 
distinct step forward in the ait of photograpliic 
printing. Later they sold their manufaclnriii;' 
concern to Faslman Kodak Com])any and Baekeland 
turned to chemical research. His most important 
work was the di.scovery of the chemical rcacliun 
between carlndic acid and formaldehyde. By heat 
ing the product of this reaction under iircssme In- 
obtained an insoluble solid with an appearance like 
amber or ivory, which was easy to mould, was 
resistant to moisture and to chemical reagents and 
which did not conduct electricity. This invention 
was the Ixginning of the modern plastic industry. 

The award to Dr Compton was in recognition ol 
his brilliant researches on X-rays, in particular for 
his discovery and theoretical treatment of the 
Compton Effect. Only ten years after his gradmi- 
lion from the College of Wooster in iQbb 1 ^' 
Compton was appointed professor at the Universitv 
of Chicago which position he still holds. He Ini^ 
been the recipient of many honours and a\vanb' 
including the Nolxl prize in physics in 1027 
Dr Compton's early work on the total reflection 
X-rays incident upon a metallic surface at a vorv 
small angle led to a new method of measuring tin 
wavelength of X-rays, the results of which are nioi' 
exact that those obtained by the earlier Brag" 
method. In 1023 Dr Compton investigated tli^ 
nature of X-rays which had been scattered by matter. 
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Kls photographs showed the existence of scattered 
rays, a part of which showed no change of wave- 
length and another part showing a modified wave- 
length. Application of the cjiiantiim theory led tf> 
(.(jiiations which were supported by experiment. Thus 
Compton not only di.scovered a new phenomenon hut 
ilso gave it correct theoretical interpretation. In 
recent years his chief work has l^en in the field of 
eosmic rays. 

Liaison in Scientific Work 

Pkofe.ssionvl men in industries may be some- 
limes faced with problems about which they lack 
first hand ex]ieriencc* and in times of emergency this 
handicap is likely to retard the speed and progress 
of work. To deal with such difficulties with regard 
to technical problems the Institute of Physics, 
London, has recentlv formed a panel of consultants 
out of which the physicists who are likely to offer 
immediate practical suggestions are put in touch 
with the enciiiircr. The priliininary contact is cpiite 
informal ; suhseciuent anangemcnls arc a matter for 
iirivate agreement lietwecn the parties concerned. 
Tile subjects whicb are dealt with cover both pure 
and applied branches and inclndc, for example, 
jihysical measurements and testing, the design and 
siipi>ly of scientific instruments for special purposes 
and tile control of processes by pbvsical means. 
This arrangement will help the solution of problems 
faced at one place by the application of knowledge 
gained at another and will avoid a great deal of loss 
of time and patience of the workers. Kccentlv there 
was some difficulty in the process of measuring the 
flow of certain animal secretions. A plivsicist in the 
ink industry was found out who made use of a 
method for measuring such a flow of certain printing 
inks having complex phvsical properties similar to 
the animal secretions. When the contact was made, 

I lie solution of the difficulty came very (juickly. Tt 
is desirable that in this country also where wc have 
iust Ixigan to harness science to the aid of industries 
a number of registers slniuld be compiled on such 
hnes as above for technical assistance by the different 
harned societies of the country. 

Meteorological Department’s Report for 1939-40 

Tith administration Report for ic).v)-.1o, of the 
bidia Meteorological Department, states that the most 
miportant advance during the year was the improve- 
aient of weather forecasting facilities for airmen. 
I he forecasting office at Delhi has been rc-opened at 
the Willingdon Air Station, and is in close touch 
■' dll aviation interests and is in a positoti effectively 

meet their demand. Arrangements for removing 
‘ho upper Air Office from Agra to Delhi arc nearing 
'•’Mipletion. Duing the year, several new observa- 
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torics were started to meet the needs of the Air 
P'orce, the Civil Aviation Department and of 
shipping. New “current-weather” stations were 
started temporarily in north-west India and Kashmir 
with part-time observers, whose duty it is to sniiply 
current weather reports for Air Force flights in that 
area. 

During the year a scientific expedition for 
investigation into cosmic rays from the Tnited States 
of America, beaded by Dr R. Millikan, Chairman 
of the Executive Council of California Iiisliliite of 
Technology at Pasadena, was as.sistcd by the Depait- 
mentis officers, especially by the staff of the Agra 
Observatory. The expedition made observations at 
Agra, f'lwalior, Peshawar and llangalore by means 
of large balloons, to which were attached rcconling 
instruments. A report of the activities of this expe- 
dition was published in this journal on pp. 41 >14 
of the January, iq.io, issue of the last volume. 

A new wireless station, attached to the Meteoro- 
logical office at Poona was opened on April 15, 

This station, and tlie New Delhi forecasting office, 
completed the Mcteon)lf)gical Department’s “Regional 
Svnriptic f^cheine.” Tlic observations collected at 
Poona, Calcutta, Delhi and Karachi from selected 
stations in their own regions, are broadcast at specific 
times daily as “Regional fsvnoplic” nies'i.ages. Tn 
addition, Poona acts as an All-India centre and broad- 
casts “collective svnopti('s” from which skeleton 
weather charts for the whole of India can be drawn. 
These regional and collective types of !>roadcasts have 
.allowed India to reciprocatt‘ weather data regularly 
with countries as far afield as Egvpt and Malaya, 
which broadcast their weather data in a .similar 
fashion . 

The Agricultural "Mctecirnlogv v^ectioii continued 
to develop its liaison with the Agricultural Depart- 
ments ill the different provinces and Slates in India, 
while at the same time maintaining its record of 
investigatiim in manv tvnes of problems, all with the 
aim of elucidating the effect of weather and climate 
* on crops. A start was made on an investigation to 
evaluate the effect of topography ,011 local climate. 
The so-called “precision*’ observations, designed to 
reveal the effect of weather on various crops, have 
yielded, in particular, a unique set of data on the 
growth of rice during six different seasons. This 
section, which has been financed for seven years by 
the Imperial Council of Agricnltnral Research, has 
now been taken over by the Central Government as 
a charge on Central Revenues for a further period of 
three years, from April i, 1040. 

Last year nearly 6,000 warning messages were 
issued to ports and more than 1,800 messages to 
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shipping at sc*a, incliuliriK Ibosc* in coiiiiLCtioii with 
disturbed wxatlior (»vcr the seas. W’arnin.i; iiiesse^es 
of heavy rain, iiiitiinely rain, high winds and frost 
iiuinbered 8 ,q ) 0 . 'Hie number of weather forecasts 
issuetl to aircraft from diffcrcni forecasting centres 
totalled ii,5.vv besides these, about i6,o<jo ui)per 
wind reports and reports of current weather, 

including warnings of adverse wcatlier and improve- 
ments thereof, were supplied to pilots from different 
stations along the air mutes. 

The study of the structure of some of the 
dc])ressif>ns and ‘^tonns in the Indian area has 
revealed the iieces^itv for a large number of simul- 
taneous sounding balhxm ascents in the field of a 
Ironical storm before, (hiring and after its i)assage 
over a particular area, in order to obtain more ]>recisc 
information about its structure process of formation 
and movement. To achieve this end, a scheme 
a swarm of srainding balloon aseeiils (“swarm 
ascents”) (hiring a post-mons(H)n storm in the Bay 
of Bengal has been drawn up. 

Announcements 

MR'O. B. r, \ i, S('i(‘ii('e editor of the .Vcie Yoth 
Amcrirav has been recently elected ])resideiU of the 
Xatinnal Association of Science Writers of America. 
While working with the New Yorh Titnrs, he was 
awarded iointlv Pnlit/cr prize for his ineritorions 
reporting of the Tercentenary celebrations r)f TTarvard 
TTiii versify. 

A r,KNKT?\!, head(iuartcrs to co-ordinate and 
stimnlate rcscarc'hes and discoveries of scientific 
workers in all shphercs has been formed in Britain. 
The personnel will consist of internationally known 
scientific investigators like Sir William Bragg, Dr F. 
V. At>pleton, Sir Fdward ATellanby, Sir Kdwiii 
Butler, Professor A. V. Hill and Professor A, Ci. 
Kgerton. The Chairman will be Lord TTankey who 
will convey the fruits of the new hide’s labours 
directly to the Lord Chancellor. 

r*r 1-^ 

In the Ignited vStates also a National Defence, 
Research Committee has been set up bv tlie Council 
of National Defence to correlate and sut)])()rt scientific 
research with a view to improving the mechanisms 
and devices of warfare with the exception of those 
relating to aerial activities. The Committee will 
have the a.ssistance of the National Academy of 
Sciences and National Research Council whose work 
will proceed indcpt-ndenllv. There will also be a 
close w'orking relationship betw’ecn the Coiinuittec 
and the ‘newly created Inventors* Council. The 
Commiltec will take up those iiew’ ideas and inven- 


tions which will he apjiraised by the Armv and Xaw 
ill colliiboralion w ith this Council and arrange for fur- 
ther scientific research to conijilete their development 
and ensure utility. The chairman of the Ccuumittei 
is Mr VaniiuNar Bush, President, Carnegie Iiistitii- 
ti(»ii of Washington ; and besides representatives ot 
War and Navy Secretaries and the Conun issioiier •>! 
Patents the following are the members : ^Mr Richard 
C. Tohnaii, Dean of the Ciraduate vSchool, California 
Institute of Techtiology ; Dr Karl T. Compton, 
President, Massachusetts Institute of Technologv 
Mr lames B. Coiiant, President. Harvard Universit\ , 
Mr Frank B. Jev'ett, Pivsident, National Acadeinx 
<if Sciences. 

Tiik lollowing gentlemen have been eleetcil 
fellows of the National Institute of Sciences of Indi.i 
at the meeting of the Council held on ud Octolui 
last : 

Rai Bahadur Dr. K. X. Bagchi, B.Sc., M.P* . 
D.T.M., F.I.C., Chemical Fxamiiier to tlie 
Ciovt. of Bengal and Professor of Chemistrv. 
Calcutta ^ledical College. 

Dr K. Ahmad Chfiw’dhurv, H.A., H.Jsc., M..*^ 
(vSvraciise, ILS.A.), D.Si*. (Fdiu.). Wootl 
Technologist, Forest Research Tnstitute. 
Dchra Dun. 

Dr ’Mohammad lsha(i, M.vSe., Ph.D., Head of 
the Dept of Physics, Muslim Thiiveisitv . 
Aligarh . 

Prof. K. B. Madhava, M.A., Professor of ^latlie 
matical Fconoinics and Stntisti<'s, Mvsou 
University. 

Dr D. N. :\faiumdar, M.A.. Ph.D., F.R.A.I . 
Lecturer in Ai.throjiologv, Lucknow Ihii- 
versity. 

Dr D. Naravanamurti, M.J^c., Dr. Ing., A.I.C., 
F.Tiist.P., Officer in charge, Wood Preser- 
vation vSection, Forest Research Institute. 
Debra Dun. 

Dr Vishwa Nath. M.Sc., Ph.D., F.R.M.vS.. 
Lecturer in Zoology, ('.overnmeiit Colleiu. 
Lahore. 

Dr vS. C. Roy, D.vSe., Director of tin* Burma 
Meteorological Service. 

Prof. S. K. Roy, Ph.D., Professor of OcokreN. 
Indian vSehool of Mines, Dhanbad. 

Prof. N. A. Vajnik, M.A., D.Sc., A.LC., 
Professor of Chemistry, Forman Christian 
College and Reader in Chemistry, Punjab 
Hniversitv, Lahore. 

Sir Rickard Christophers, Kt., Bt-CoL, C.LF . 
O.B.F., F.R.vS., I.M.S. (Retd.), has he . m 
elected a honorary fellow. 
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Size and Shape of Colloidal Carbon 

CoM.oiDAi, carlioii or carbon black is used b>i ibc 
uiiiforceinciil ot ni])ber. With the aid of ihiv 
loiiiiliciiiny* aiicnl the life of the i)reseiit lyres has 
I veil increased three limes. Modern hi.v;h-si»eeM 
|.rintin.n presses reijuire inks whicli should ])roduev 
I’lear instantaneous iiiiprints and tliis is possil)Ie oiilv 
l.v tile use of colloidal carbon as theii pi.miieiit. Pro 
Uetive Iihiis of black paints and lac<iuers owe theii 
loiij^er life to the reinforcing power of the colloidal 
earboii and its abilil\’ to screen out injurious ai'tinie 
i.idiatioiis. 

'I'lie niecliani.sni of this carlxm i einfon'eineiit 
i»lienomeiu)n was not projierls understood and duiiiij 
tile last JO years many attempts have been made to 
exiilain it on the assumption of burr or leatherdike 
Miilaee sliucture. No coiuincin.e evidence could be 
• w.iilable as the extleliie liiieness of subflixisiou so- 
lone (lelled ojitical resolution. 

k'roin ijhotomicioiiraphs taken with the two- 
sta.i^e electr<jn niii'rosco]»e developed and iieilected a' 
the I nivcrsity of Toronto, llu- shape and si/.e of 
ultimate carbon particles has receiitlv been ilcter- 
lained. Carbon black obtained from the luminous 
thiiiies of natural yas was niai;niried to ioj,oom 
‘liaiiielers and was fouiul to be .siiheroidal with non- 
''enated surfaces and having a mean diameter t»f 
iiiilliniicrcms (ai)j»roxiinately o.oooo)i inch). This is 
aUout one half the value previously accepted based on 
"tiler methods of measurements. 

Commercial carbon black consists of clusters or 
•iL'L'ie.ijates of these ultimate spheroidal ]uu tides. 
\\ lien used in inks, paints i)r rubber the clusters are 
dispersed to devehjp the maximum eflFecti veil ess of the 
r.ubou. Iilectro-photomicrot’rajdis of this dispersed 
eirhon have revealed individual carbon particles 
'•tn.t;in.Li in diameter from less than lo to alwmt om 
' tnllimicrons. h'roin the above measurements and 
' kscrvalions the reinforcement hypothesis based on 
'"-'Hated or reticular configurations has Ik?cii aban- 
* "tied, and instead a new conception of .sjiecific sur- 
' ‘‘v development has been advanced. The alum* 
I ' seja relies may have far reaching influences on the 


luture developnient.s of carbon black and its industrial 
uses. 

.V. K. S. (i. 


Manufacture of Drugs 

C 111.010 nOR.M, calcium lactate and carbolic acid 
ha\e now been i»ioduced by Indian firms and samples 
have been leceived by the Medical Stoles Department 
lor te'^ls. Samples of eariiolie acid and cresylic aciil, 
a disinfectant, have been hmnd sati>factury . A 
sample ol .sapollilied me.so] is beiny: tested !il the 
Ciiilral Reseaicli ln.‘?litn(e, Ka.sanh 'flu* elilorofonn 
ha.s been pioduced b\' a beiie.al lii ni and the sample 
is beiile, tested foi quality at tile Diocheiiiictd 
Standaidisatiuii baiMjratoi y , Calenlta, which is 'also 
testiiii; a snii])]e of calcium lactate. Samples ol 
naesllietic ethei jneiiaied b\' a Bengal linn have 
lueii leste<] b> the Medical Stores Department and 
found satisfactory. This item has been in iiiodiic- 
tiou for two years l>y the Department. .\n Indian 
li. .. is making li\e to ten tons acetic acid glacia 
pel inomh and aide to increase it lo tons a 
mouth without addilitmal ijlaiit. It has uiilo lalelv 
raw materials su'fieieut for nue \ ear. 


Protective Films on Tin-plate 

KkcEN'I’I.N’ a iiew jn'oce.ss ha.s been develoiied b>' 
the Intel national Tin Research and Development 
Council fin- protecting the tin-plate in tin cans from 
llic action of suliihui in pre.served foods. ^Phe usual 
method up till mnv was to coal thq interior of the 
^.Miulaiiiei with a special sulphur resisting huT|uer, 
but this oja-ration is expeiisixe when cimipared with, 
the new process and in some cases the lactiiier has 
l)eeii found to react unfavourably on tlie llavour of 
the food i»n)dtict. It is stated that the iiew protecting 
film is (in oxide and it is so thin that it is invisible. 
The film protects the underlying tin from the actions 
«)f sulphnr compounds, produced by a slight decom- 
l>ositiuii of the proteins contained in certain types of 
vegetables, meat and fisli iirodncts as a result of the 
.sterili.sation iirocess. This decomposition of the pro- 
teins may cause blue or black stains to appear on an 
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iiiiprotcclccl tin-plate surface, and this discolouration 
is not only bad to look at, but may, in extreme cases, 
affect the appearance of the contents. Moreover in 
the case of some ve^ictables the colour is affected, 
,t;reeii being changed to an uiipleasiiig yellow. 

In the Councirs Laboratories the oxide liliii was 
first produced on the tin by iiniiiersing the iilated 
articles in a hot solution of chromic acid for 15 
minutes, liut it had some disadvantages as a film of 
palm oil was left on the tiu plate from the hot- 
tinning operation. The process has been now iikkU- 
lied by taking a hot alkaline solution containing 
sodium phosi>hate and a chromate, 'fhe alkaline 
bath produces the rc<iuired oxide film and simul- 
taneously removes the oil lilm. The time required 
for dipping is two minutes onb'. The Jilni has 
been tested with various types of preserved foods. 
Tests with meats and tislies are luomising. liut tests 
with various kinds of fruits, however, have given 
lrt)or results, as the film appears to be slowly dissolved 
by the citric acid present. 

N. K. s. 


Non-Tin Container for Food 

A M^w type of container for packing food pro- 
ducts lias been developed in (Germany, which dis- 
penses altogether with the use of tiu idate, according 
to a report from the American Consulate General at 
Fraiikfort-on-^Iain. Instead of tin for coating the 
iron, the base sheet for making the new type of cans 
is coated with a phosphate film by the Bonder phos- 
phate ruslproofiiig process. A thin, tight, and uni- 
form phosphate film is placed upon the iron sheet in 
2 or 3 iniiiules by immersion in a special phosphate 
bath. The entire production process reiiuires 30 
minutes. There is another novelty in the cans. 
Instead of being soldered, the can is welded, enabling 
a further saving of 2 per cent in can material. Special 
automatic machines have becu developed for efficient 
welding. 

N. K. S, 


New Synthetic Rubber Manufactured by Goodrich 

G(X)DRICH Rubber Co. of U. S. A. is now manu- 
facturing lyres in which 50 to ux) per cent of natural 
rubber has been replaced by synthetic product, 
“AmeripoV*. The name Ameripol signifies a polymer 
made from American materials. From reports so far 
available it is known that the basic material is 
American petroleum from which butadeiie is 
separated. This is mixed with other ingredients pre- 
pared from natural gas and air and then made into 
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a milky ciiiiilsion u.sing soaij prwluced from agricul 
tural sources. Uiioii heating and agitation, tlu*SL 
ingredients react to form an emulsion of synthetic 
nil)l)er, which is similar to the latex from rublier jiro 
duciiig trees. With this synthetic rubber, the proces- 
of niaiiufacture is like that of natural rubber. A sena 
commercial jdaiit is already in operation and Good- 
lich is constructing a plant which will pHnluce sevenn 
tons of Ameripol daily. 

N. K. S. G. 


Industrial Reorganisation of Bombay 

Tin* report of the Bombay Economic and 
Iiulustrial Suivey Committee which has just beiii 
published observes that the government have 
yet SI '.e lit very little 011 the problems of market - 
ing, rinaiice and lescarch. The other govermiieiit 
deparluieiits concerned with ecuiioiiiic activity have 
not also had a wcll-formulaled and vigoroib 
l)rograin!ne of economic development, and tlie.N 
lack in industrial bias. There has been very little 
co-ordination between these different departments 
and there is no ])rovision for periodic consiilta 
lions with a view to industrial development anion, 
the heads of these “economic” agencies of tlie 
government, vLz., the Direclor of Agriculture, tli-. 
Director of Industries, the Registrar of Co-operatiw 
vSocietics, the Chief Conservator of Forests, llu 
SuixTinleiideiit of Government Stationery and 
Print ing Press and the Chief Engineer. 

The Committee stresses the potentialities <>i 
semi -agricul tural industries like poultry-keeping, l>n- 
keeping and sericulture. There are, says tlic report, 
possibilities for cstaldishing the aluminium iiuUisii v 
ill this pnwiiice as bauxite deixisits have been dis- 
covered at Turigar Hill near Thaiia ; and a 
class earthenware industry as clay suitable for high 
class potteries is stated to Ixi available locallv. 
Bakelite, electrical goods, raw films, radio svl^, 
bicycles and automobiles are other commodities wliivli 
offer scope for domestic manufacture. Fruit caiuiiim 
and the maiiufaclure of other fruit products has gieat 
possibilities. Fibre resources should be more eco- 
nomically utilised. A good deal of agricultural pro- 
duce which is being, wasted at present could giN^ 
ri.se to new industries. Poorest products offer eiior- 
moiis scope for building up new industries. Tlic 
fisheries resources can also be exploited on a xciv 
profitable scale. As a part of a policy for the eco- 
nomic lietternient of the province, the Coimiiild*^* 
suggests that a programme of rapid road construciio‘‘i 
may l:)e immediately undertaken and the new lransi>orl 
facilities will offer scope for rapid growth of trade aiul 
industry. 
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“It imisl Ik* home in iniiid”, says the report, 
“that the structure, the comiiosilion and the pace 
(1 industrial development are very «Tcatly dependent 
i.ipoii tariffs, transport and currency, none of which 
\ital determinants of economic development are 
under the control of the provincial i^overnment ; 
and without controlling these, it is difficult to carr> 
out any industrial ])olicy meant to result in speedy 
industrial development. Mrireover, the implications 
of provincial action in the industrial sphere may 
extend far beyond the provincial boundaries and that, 
therefore, the reactions on the other provinces and 
the Indian vStates have to be constantly taken into 
.iccount. 

With regards to the ipiestion of the relation of 
large-scale and cottage industries, the Committee feels 
lliat there is a large non-competing field between 
the two as also scope for co-operation. The Com- 
iiiittee suggests that the question of regulating their 
relations should be discussed at a special conference 
of the representatives of the provinces and the 
Central (Government. Discussing the relation Ik‘- 
tweeii small-scale and cottage indu.stries, the Com- 
mittee is of opinion that no regulation is necessary 
here except in the case of the textile iiulustry where 
the growth of small power-loom factories needs to 
be restrained. Kven here no action should lx* taken 
without obtaining the apiiroval of the other (.Govern- 
ments in India, as these units may be serving the 
economic interests of other provinces. 

The difficulties of the cottage industrial workers 
are primarily in the field of marketing, and to meet 
this difficulty the Coniniittee recommends that each 
distrii't should have an industrial association in 
charge of a district industrial officer assisted by a 


local advisory committee. The district industrial 
association should supply raw materials to artisans 
and sell their in'odiicts, give them improved tools on 
the hire-1 mrchase system and organisi; demonstra- 
tions. etc. MeinlKishiii of the association should 
lx open to all whole-time cottage workers resident 
in the di.strict. The industrial association should 
have attached to it a small museum displaying the 
raw materials of the district, the finished products 
that can be made from these raw materials, the indus- 
trial requirements of the district and the possible 
industrial substitutes for the noii-districl industrial 
goods now in use. It should also organise district 
industrial exhibitions every year. For financing the 
cottage worker, a special organisation should lx sci 
up which should nut deal direct with the cottage 
workers but onl\’ with the industrial as.socialioiis. 
Ill the alternative, the Oovernnieiit may place Rs. 25 
lakhs at the disposal of the cottage iiuhislries section 
of the Iiuhislries Department. 

The Committee reci^mmends that there should 
be authoritative collection and compilation of com- 
mercial and iridiistrial information, which should be 
made the special work of an officer attached to the 
Indu.stries Department, lie should also publish an 
industrial bulletin containing abstracts of important 
trade articles and items of research interest in the 
Government’s laboratories. 

For the formulation of a [xsitivc industrial 
policy, the creation of a Board of Kcoiiomic Deve- 
lopment is suggested, and this Board should draw up 
a time-table of industrialisation based on the details 
collected by an iudustrial census. The reorganisa- 
tion of the Indu.stries Department on the lines pro- 
posed in the report is estimated to cost approximately 
Rs. 25 lakhs. 


Automobile Factory in Bombay* 


Thk (piestion of the e.stahlishment of an auto- 
■iiobile factory in Bombay was first mooted in the 
year 1934. The first step taken in this matter, after 
llie Bombay meeting in April 1935, was to send vSir 
M. Visvesvaraya to visit foreign factories where the 
industry flourished in full* vigour, to consult there 
recognised experts, and frame and submit a report 
to the promoters. In April 1936, a printed report 
embodying the results of the foreign tour and inves- 
tigations was placed in the hands of all those 
business men in Bombay who had previously 
't tended meetings or taken an interest in the project, 
k'opics were also submitted to the authorities of 
both the Government of India and the Goverii- 
iiient of Bombay. In this journal on the basis of 


Sir M. Visvesvaraya’S report were published two 
articles under the headings, ‘The Antoinobile 
Industry in India’ (Vol. 4. p. 258, 1938-39), and 
‘Manufacture of Motor Vehicles irt India’ (loc. cii. 
p. 401) and also a short note 011 page 512 of the same 
fourth volume referring to later developments. We 
would refer our readers to 11k-.sc pages, which will 
be of interest in tlic present connection. 

By the time the rejiort was ready, a wave of 
pessimism, due, it is believed, to adverse propaganda, 

• .Vdaplcd from a note by Sir M. Visvesvaraya circu- 
lated witli the purpose of answering enquiries which arc 
frequently received about this project, and of explaining 
what progress has been made so far, and what further 
action or facilities are needed for an early start. - 
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caught vSoinc of the inlluential Jionihay frictids 
who had originally encouraged the scheme. It must 
he reinemhered in this connection that since foreign 
interests are likely to lx? affected hy the estahlish- 
ment of the proi)osed industry, some degree of hos- 
tility to the scheme is expected. Hveii to-day there 
is a tendency on the part of a minority in the trade 
to si)read the misleading view that it is “better to 
buy than to build*’ motor vehicles in India. 

India (Iuvkknjmknt’s Attitudk 

However, sufficient public su]jport being assured, 
representations were submitted both to the Gov- 
ernment of India and the Government of Hombay 
for co-operatioii and help. 'I'he first representation 
to the heads of both these Governments was 
made on jth May, ig3t). The Government of 
India while expressing sympathy with the project 
stated that they adhered to the jiolicy of dis- 
criminating iirotection for Indian industries enun- 
ciated by the Fiscal Commission ol and 

could not go to the help of an industry that was 
not started. Neither could they commit Iheiiiselve.-^ 
beforehand, that is, before a factory was actually in 
operation, to purchase any of the iiroducts ordinarily 
reiiuired for Go\cinnient use. Howe\er, in view of 
the service which an automobile factory is likely to 
render for defence imrposes, the Government of India 
have now been obliged to moliilise even the meagre 
assembly eipiipnient in India of two American motor 
car companies. 

A [iress me.ssiige from Simla reported some 
time back that the two motor companies, 
General Motors and Ford, which possessed large 
assemblage and Ixxly building plants in India were 
co-operating with the Goveiniiieiit in the production 
of vehicles for the Indian Army. Although it was not 
l)ossible to state the numbers or t)'pes which were in 
production at these plants, it could be said that the 
present initial expansion of the Indian Forces 
involved an increase of between twenty and thirty 
thousand in the number of vehicles letiuired by the' 
Army. All these were divided into no less than 50 
types. To assist in coping with these reiiiiireineiits, 
the American concerns had recently consitlerably 
extended certain sections of their works and these 
extensions would lx? specially devoted to urgent 
Government work. This me.ssage shows the quantity 
of large orders placed with the two prominent 
American automobile companies. A reipiest for such 
orders was made to the Government of India four 
years ago but there vas no response. Xo reason, 
save their adherence to the old policy of discrimi- 
iiatiiig protection, was given for denying similar 
facilities to an indigenous enterprise. 
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The llombay Government, on the other hand 
wanted, subject to certain conditions, a guarantci 
of 3 or 3^4 per cent, interest on a capital issiK 
of Rs. 150 lakhs for the industry for a perhxi 
of ten years. Before the concession was finally sam 
tioned, Ihe Congress Government went out of office , 
and the present (iovernmeiit of Bombay are yet to 
ratify the iirtimise made by their predecessors, lu 
the concession just referred to, one of the ctmditioiis 
was that the new factory should be run by a firm oi 
Managing Agents, and as soon as the provisional pro 
mise of a concession by Government to guarantee . 
or 3/‘2 per cent, interest on share capital for a term 
of ten years was received, Mr Walchand Ilirachand 
of Bombay, one of the jironioters who had warm I \ 
supported the proposal from the commeiicemeiit , 
offered to start a firm of Managing Agents wilii 
himself and two other well-known industrialists, Mi 
Dharamsey Mulraj Khatau and Mr Tulsidar Kila 
chaiid, as partners. 

Mr Walchand Ilirachaiul lost no time in takiii;.; 
the next move. He obtained from the Goveruiiieiii 
of Bombay the loan of the services of Mr P. B 
Advani, Director of Industries, Bombay, for llii 
purpose of arranging terms and entering into an 
agreement with one of the aiiloinoliile firms of rejniU 
in Kngland or America, and obtaining its active e<i 
oiieration for starting the iiroposed factory in 
Bombay. Mr .\dvani, in close consultation with Mi 
Walchand, first di.sciissed the proposiils with the b'oni 
Motor Company of Dearborn, U.S.A., and next 
with the Ford Motor Company of Canada. Indi.i 
came within the oiierations of the Canadian F«>id 
Motor Coiiqiany so far ..s supply of Fort motor 
vehicles was concerned, but that Conii)aiiy was m i 
willing to co-operate with the promoters unless n 
was allowed to participate substantially in tlu- 
capital of the Company hy owning 51 per cent of it 
The ]»roniote:s expressed inability to agree to this, 
and as a result the negotiations with the Ford orga- 
nisation had to be reluetaiitly abandoned. 

Mr P. B. Advani next started negotiations with 
another large firm, the Chrysler Corporation ol 
Detroit (U.S.A.j with which a definite agreement 
has been concluded for nianufactnring their motor 
vehicles in India on a royalty basis, that is, without 
participation of American capital in the Indian 
Company. The promoters are also in correspondemx 
with a leading Briti.sh Motor Car Company foi 
mamifacturing in India, on a royalty basis, then 
low ]jower cars. The British Company conceriu'l 
has promised cordial co-operation, and negotiation" 
are proceeding satisfactorily. 

Both the manufacture of medium power vehicle." 
under license of the Chrysler Corporation and ot 
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'ow-pouvr cars iiiuler liceiivSe of the Hrilisli Company 
.\foiTcd to ct)iild undertaken if ( lovernnient help 
IS available at least for the first few years. 

PkOSPKCTS of TIIK iNHUSTkV 

Sir M. Visvesvaraya’s oriiiinal report was issnetl 
111 iq.^6, there has since been en a])preciable chani»e 
ill the i>ublic demand in India from medium power 
ii> economical lovv-i>ower cars. When the scheme in 
it^ present form as outlined Iw Mr Advani is com- 
lilele<l and brou^^ht into operation, the number nf 
vehicles manufactured yearly is expected to Ik- ii.ooo 
instead of 12, <00 and the total capital outlay required 
for the factory will be the same as in the oii^inal 
si'lieiiie, namely, Rs. 2*4 crores. Ihit the same 
iiniehincrv and plant will, with small additimis, be 
:ible to manufacture even upto 2o,noo units wheii- 
iver demand arises for so many. 

The value (jf the products manufactured yearly 
.It lecenl normal rates will |)robal>lv l)e as under: 

Us. 

lakhs 

.1,000 im-iliuni iiower ears :\{ Rs, 105 

,=^.000 inu'ks at Rs. 3,000 ... 150 

.1,000 lo\v-ix»\\er ears at Rs 2,0(K) 00 

Tnl.il Rs. MS lakhs 

'Phis will be the approximate yearly value of 
iinttor vehicles \\hi<'h a factory constructed at a cost 
'>t' Rs. .2^4 crores in this couiilrv would bo able to 
manufacture at the outset. 

AuthoritJitive statements have been prepared 
and published in the I'liitcd States of America which 
''hnw that the price of a motor car to the consumer 
ill .1 foreign country like India is about tinu-s 
Ihe actual cost, c.v works in America. A car which 
rnsts, say Rs. 1,400 in a factory in Detroit would 
1 h‘ sold for about Rs. 3, .500 in Bombay. The 
dilfereiice of Rs. 2,i()0 is at present .spent on inland 
height in America, ocean frei.ijht, .sea insurance, 
h'jidin.u and unloading charnes in Bombay, import 
, dealer’s commission and a few other minor 
itvins. The bulk of these charines will Ik .saved if 
vehicles arc made in India. 

In the case of a car manufactured in India, the 
"iilv heavy expenditure to be incurred outside the 
I 'ctnrv would be the import duty on special parts 
'' no conce.ssion is secured from rfovernincnt and 
ih' dealer’s commissi«)n or profit. .\ liberal estimate 
outlay on these two items will probably be 
7.S0. Taking the price prevailing: in normal 
Al lies, the savine: per car would be Rs. 2 ,uk) 
7 .SO— Rs. 1,350. Assuminii that the working of 
' ‘ Indian factory will not be as economical as in 
’neiica and savin/? not as hi/?h as Rs. 1,350 


but only Rs. 500 per unit, f>r one-seventh of the 
m>rmal price of a completed car, the total clear jirofit 
would be one-seventh of the sum of Rs. 315 lakhs 
or Rs. 45 lakhs. This will mean, under favourable 
conditions, a /wofit of 20 ikt cent, on the initial 
capital outlay. The profit will vary with chan.uiiie 
market conditif)ns but the roui^li calculations here 
.i-'iven should leave no doubt in the mind of the 
reader that the prospects of the industry are very 
])romisin.Lf. 

MwrK.NCTURK SrUCMlUKD BV AnTO^r.XTlC MxCiriNKRV 

A LOM>d many people, even amon.i* industrialists, 
are obsessed by the fear that the manufacture of 
moto:- vehicles ’s a \’er>' comidicaled and difficult 
matter and the Indian workman is not yet trained 
for this delicate work. But such fears arc .ground- 
less. The machinerv used in the manufacture of 
parts is to a considerable extent standardised and its 
action is lareclv automatic. The Ihnuoht and skill 
required in mamifacdure has been transferred from 
the workman to the machine and 'bilthouch the 
motor vehicle is a most delicate and finelv adiusted 
ma(‘hino, the human labour and human intervention 
utilised in its manufacture is rcducc-d to a minimum.** 
The exucrience of automobile assemblv nlants of 
which there are a number w-orkincr in India shows 
that the Indian wr)rk*man is quite canable of handline 
this class of machinerv and of twoducitm articles nf 
the re(iuired quality, strcn.izth and finish. 

Ah'ToK \>:utci,ks M\\ur\c'TTTRKr> t\ tuk Prtn’Cipm. 

COT’NTRTKS OK TITK WORI.U 

Thi‘ manufacture or jiroduetion of motor vehicles 


in the leading countries 
was as under : 

ill the years i 

or 1030 


Year. j 



]\lnler 
j W'liiides 
prodiieed. 

t'niliMl St.ilifc 

1 

' 1030, 

' 3,577,058 

1 '.'inn da 

1030 

1.55.316 

(iTeal Britain 

• 1 10.3S 

j 477, .561 

I-'ranee 

lO.^S 

1 220,343 

('.ermaiix 

10,1S 

.128.000 

Il;d\ 

lo.ts 

70..18S 

Ru'»''i.i (f .S S.k ) 

UM8 

215,000 

j:q>.in 

um 

30,000 

Fiidiji ... . . 


Nil. 
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The maximum yearly procluclion in some of the 
countries is much hij.(her. In the United States of 
America, for instance, the vehicles manufactured in 
1920 was .s, 359.'«)0. The above information, which 
shows the production \n be much in excess of that 
in the i»ast years, should ilispel any doubt about the 
Indian factory reaching its saturation i)oint within 
a few years of the start. 

Mainly for export puri)oses, several leading 
manufacturers in America have established branch 
factories in Canada. For instance, the Ford Manu- 
facturing Company of Detroit, U. vS. A., has an 
associated factory in Windsor (Canada), and this 
Canadian factory sujiidies Ford vehicles of the type 
manufactured in Detroit to all parts of the British 
Kmiurc. The Canadian Ford Company has the 
exclusive right to supply such cars to India. But 
Ford cars including the low-power ones manufactured 
at Dagenham, Fngland, come direct to this country 
from Fngland. 

Sl’IM'OKT r.IVRN TO TFTH INDUSTRY IN 

Foreign Countries 

Before the War there were over 40 factories in 
France, manufacturing automobiles or their parts, 
and which were maintained in slack times by orders 
for armaments and defence machinery given by the 
French rrovemment. Without such support the 
factories could not have possibly existed. 

Cicrmatiy being unable to com])etc with America 
])Ut up a prohibitive duty. Ilerr Hitler encouraged 
the industry in several ways, one of which was to 
exempt peoi>le who purchased Ciennan-mado cars 
from paying certain taxes for a term of years. As 
a result of this encouragement :ind other facilities 
given, the industry which produced only 52,000 
vehicles in 1052, increased production to 245, oo<.) in 
1055, and to 528,000 in 1038. 

Russia started the manufacture of motor vehicles 
some eight years ago. The Soviet Oovemnieift 
opened an ofljee in New York and stationed a 
number of Ru.ssian engineers there to export 
machinery and parts for manufacture in Russia . 
This, they did, in close tV)-opcratinn with the Ford 
Motor Company of Dearborn, U.vS.A. In the first 
year, they took all the parts to Russia and assembled 
them and completed the car. In thus way they made 
5,000 cars. In the second year, they purchased 50 
per cent, of the i)arts and made 10,000 cars. In the 
third year, 25 per cent, of the parts were purchased 
and 20,000 cars were made ; and in the fourth year, 
they manufactured 40,000 cars. As a result of the 
activities of her Government, Russia which manu- 


factured only alx)iit 4o,ockj vehicles in 1935, increased 
production to 215,000 vehicles by 1938. 

Notarise Kncouragement in Austrama 

The support promised under similar circimi 
stances by the Commonwealth Government of 
Australia to a local Company, before U proceeded h' 
make the necessary arrangements to establish tin- 
industry in Australia, is the latest and the most 
.significant instance of the helpful attitude of niodeni 
Governments towards this industry. 

On December 19th, 1939, the Commonwcaltli 
Government entered into an agreement with a l(K'nl 
Company, the Australian Consolidated Industries, 
Ltd. The agreement stated that a Motor Vchick 
Itnginc Bounty Act had been passed in Ihe 
Australian Parliament which provided for the pa\- 
meiit of a bounty of jCi,5'x^,ooo for the first 6o,oot. 
motor vehicle engines manufactured by the Com- 
pany. 

,Some of the other principal provi.sions in tin* 
agreement are : - 

(a) Two- thirds of the paid-up value of shaus 
should be owned by subjects resident in 
Australia. 

ib) The Commonwealth Government will snfi- 
guard the interests of the Austiali.in 
Company against the establishment of 
rival manufaeturiug foreign Companiis 

(r) Government will use its power of iiiii)ort 
control to counteract any foreiun 
trading methods by oversea interests in 
selling copipetitive vehicles in Australia. 

(d) For five years from conimenceiiKiit of 

nianufaclurc, the Commonwealth Gov- 
ernment will purchase a siibstaiilial 
portion of its requirements from Hu* 
proposed Factory. 

(e) Government will admit free of import dutv 

such machinery as cannot c(ni- 
veniently manufactured at the outset 
within a reasonable time. 

(f) The Commonwealth Government will he 

prepared to examine upon request the 
measure of tariff or other assistance 
needed for import of any special 
mobile parts. 

Hem» Expected from our Government 

The support expected from the Covernnieni < / 
Bombay is the confirmation of the guarantee of 
per cent, interest on capital outlay, provisionnilv 
promised by the Premier of the previous Congress 
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( '.overnmcnt. This siii^port will lx* in conformity 
aith the declared policy of the (Government of 
lloinbay to grant assistance, si)ecially to new and 
nascent industries. 

The support expected Irom the (iovernment of 
India according to the latest appeal is reduced to 
ihree items: — 

(i) The factory may lx* treated as a War 
measure since it will he able to manu- 
facture and supidy Army trucks, 
armoured cars, and if necessary alsr) 
armaments. At a few weeks’ notice the 
factory e»iuipnient can be transformed 
into an armament plant ; and, with 
small additions to the ])lant, the factory 
will be snlTiciently c(iuipped to manu- 
facture aeroplane engines when required. 

In view of this prospect, the grant of dollar 
exchange and import permits for imr- 
chases made for the pr(\jected factory 
should take precedence over civil 
requirements for other purposes. 

{2) It is understood, that the (Government of 
India have a programme to purchase 
annually 5,000 new motor trucks for the 
mech inisalion of the army. It would 
not be out of place for ('lovernnient to 
])romi‘-c a substantial part of this order 
to the projected local factory since its 
arrangements with the Chrysler Cor- 
l^oratitm t)f Detroit, as explained before, 
ensure that vehicles of the highest 
(juality ol)tiinal)le anywhere in the 
world can be sui>pHed. 

(5) Reasonable tariff concessions may be 
granted in cunneclioii with imports of 
parts and raw materials recjuired for the 
local manufacture of motor vehicles, to 
the extent cominoidy done in lutropcan 
countries and in Canada. 


Imk^kt.wck 0]< tiik Industry 

'rile projected Indian factory will from the very 
"'"iinencement lx* a manufacturing concern and not 
- uiere assembly plant. Since the outbreak of the 


War, prices of motor vehicles have risen, and high 
])riccs will continue to rule for two or three years 
after the War. If the factory is started now, it will 
not only be providing trucks for Wkir purposes and 
for the Indian Army within s«)me eight months, but 
it will also l>e profiting itself and materially bene- 
fiting the country as a War time industry. 

As explained before, there has been some 
amount of jiropaganda carried on, apparently by 
interested parlies, to mislead the public that the 
industry is not wanted here. While small Stales like 
Helgium, Australia :iud Norw.iy with populations 
numbering 8, 7 and 5 millions, re‘>ipectively, are 
e.slablisliing motor car factories, it cannot be said 
that one such factory will be a su]>evnuity in this 
sub-coni incut of ours with its 575 million population. 

'fwo of the largest aultaiiobile C«irporatioiis in 
the world lia\e after iiuesligalioii cniiciiiTcd ill the 
si/e, sc(»pe and estimated cost of the Bombay lU'oject 
as outlined in 1050. W’c have seen that a leading 
Aniericnii Coiiii>any was willinu lo out some of its 
(AMI money into the concern if allowed. .Another 
loading Corporation has actually entered into a 
working arrangement with the pioinotcrs ‘ of the 
Indian proiecl for manufacluniiy their m«)tor vehicles 
in Bombay on a royaltv basis. The ff)nncr w'ould 
not have offered to iiarticipatc in the capital of the 
scheme ; nor the latter entered int<» an agreement, 
unless the prospects of the indii^trv were distinctly 
bright. 

It is evident from this, that the proposals which 
have been befoiT* the bnsiii'.ss public fnr the past live 
years, and before tbe CenPal ('•ovormnent and tlic 
Government of Bonibav for at least four years, are 
sound from every point of view’. Had the industry 
been stalled wiieii the project w.as lirsl mooted in the 
year 1056, it would ha\e been in sucees^ful ()])cra- 
tion bv now, and of special vahu* for Wkir purposes 
in tbe present emergency. 

With the starting of tlie factory, .a number of 
^subsiiliary industries would be springing up and 
thousands of people will get emi)loyment. Local 
industries of this importance liave a 'legitimate claim 
on the revenues of the country and on active (Govern- 
ment encouragement and support, 'fo neglect the 
industry under present world conditions would be 
a discouragement to economic enterprise, a hindrance 
to progre.ss, and a danger to the c'ouiitry’s safety. 



Production of Clean Milk in an Indian Household 
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Thk piodiiclioii of milk in the West has now 
heconic a scientific art whereby milk is produced 
under controlled conditions and i;raded according to 
definite baclerioloi’ical standards before it is put in 
the market. More recent advancements have 
broiiciht forth such specialized products as Irradiated 
milk, Vitamin ‘D’ milk and the Acidophilus milk. 

Compared with this, the art of milk production in 
India remains as primitive as ever. Co-o])erative 
daiiviiift is practically unknown and the few dairies 
that are workin.u in India are mostly patronized by 
t]ie.luiroi)eaii or hi^h class Indian gentry. In rural 
areas farmers mostly t)roduce their own milk sup]>Iy 
while in towns and cities the milk .supply is mainly 
contrrdlcd by j^07luiIiis who are addicted to innumer- 
able malpractices. 

^lo.st of our producers do not realize the impor- 
tance of hy^^ieiiic in-ecautious in milk production and 
the educated few, who do, often consiiler them un- 
neces.sarv since milk in India is mostly consumed 
after boiline: or simnierin.^. The are:umcnt is, how- 
ever, faulty firstly because during the hot weather 
when conditions for the .t^rowth of bacteria are the 
most favourable, milk is often coiisiuiicd raw and 
secondly because our experinieiits, re])ortcd else- 
where (iq.to) have shown that simmered milk when 
exposed to contaminants is more suitable for the 
.ujrowth of bacteria than even the raw milk. «. 

About 8g%^of the total i)Opulalion in India live.s 
in villages where milch cattle arc kept under 'most 
insanitary conditions ; the cattle yards are littered 
with dunjv and manure, and no precautions whatever 
are taken in milking. Conditions in towns and cities 
are still wor.se. d'he milch cattle are kept in dini>;y 
closed rornns or in narrow lanes over the sewage 
drains. The hy.eienic value of Jiiilk produced under 
such conditions cannot but be que.stionable. 

Milk is a comj)k*tc food not only for children and 
adults but also for bacteria. Special attempts have 
therefore to be made to prevent its bccomiiiif a source 
of disease. 


The value of cleanliness in milk production i- 
fully illustrated by the advance made in other coun- 
tries but very little direct work has been done on tli. 
subject in India, mainly because our scieiititi'* 
workers have taken for .granted what holds l*^K)d in 
the West. This ue think is not the rii^ht attitinK 
because our climatic, ectmoinic and social eonditimi^ 
are entirely different from those of the West. A 
study of the various factors as aiTectin.e; milk prodm - 
tion under our conditions, therefore, seems \'ei v 
desirable. 

With this object in view a series of experiment- 
was conducte<l at byallpur to determine the woit'.i 
of some simi)le precautions riLiardin.i* the i)r<)dij»- 
tion of jnilk. In making these trials the fact llini 
our farmers and city milk piYKlucers are gener:il!\ 
poor and illiterate and that they have to be ‘'mi 
vinced by some simi)le yet direct and iiiexpeiiviM 
means before they can be persuaded to .'idni'i 
improved practices, has all along been kept in view. 


r,Xl‘KK I^rRNTA I. I )KT.\ 1 1,S 

Cows of identical breed at nearly the same sta'.;‘. 
of lactation were selected for the experiments. A 
preliminary examination of milk was made in envli 
case to spot out any abnormality in the animal. 

The trials w'ere at first conducted in llu’ 
college dairy and sub.seciueiitly repeated in a 
house so as to make the ctmditions inon- 
nearly identical with those of an average houscliold. 
Since calf-suckling is u.sually practised, all th. 
precautionary treatments in a j^oivaJa's house, won 
carried out after this operation was over. 

The effect of the following procedures on tln. 
(piality of milk produced was studied : — 

I. Unsterili/cd pail, tail untied, foremilk rv't 
removed. 

II. Sterilized pail, tail tied, foremilk reinovo‘l. 



November, 1940 


Science in Industry 


291 


III. Sterilized pail, tail tied, foremilk removed, 
ndder and hands washed with water. 

IV. Sterilized pail, tail tied, foremilk removed, 
ndder and hands washed with potassium 
pennaiiL'anate solution (1:2000). 

\'. Pail cleaned with imid, tail tied, foremilk 
removed, ndder and hands washed with 

IKitassium permanganate. 

VI. Pail cleaned with ash, tail tied, foremilk 
reniiwed, ndder and hands washed with 

putassiniii permanganate (1:2000). 

V'li. Pail cleaned with ash and kept in the siui 
(S hours, nia.\imnni temperature i.v^^F) 
tail tied, foremilk removed, udder and 
hands washed with potassium permanganate 
( I : 2000) . 

\ III. Pail cleaned with ash and kept in shade, 
tail tied, foremilk removed, udder and 
hands washed with potassium permanganate 
(1 : 2000). 

'I'he standards used to judge the effectiveness 
ui such precautions were: (i) the numher of 
l>aeteria present in a millilitre of milk by the plate 
Mielliod, and (if) the reduction time as indicated by 
ilir methyleiie-ldue reductase test. Kor purposes of 
loiiiparison trials were made with two dilTerent types 
"I jiail that are most commonlv used in the Punjab 
il'ig. 1 ). 



Jialli Dohfui 

lUMlvaiii/.e(l iron) \\;ire) 

' ig- 1. vSliowiug (liffiTi'iit lypi's of pail in tlic 

Experiments. 


' lliis treatment is essentially similar to treatment VI 
I septirale trial on these lines had to be coiulueted side 
O’ Mile with treatment VII for comparative purposes. 


h'or counts of tlie nuniljers of bacteria, platings 


were done on skim milk agar 
composition : 

of tile following 

Skim milk 

■4 , tj 

Haclo i)eptone ... 

... o\sVo 

licef extract 

. .. o‘i% 

t'llncose 

... o‘i% 

.\gar 

... U 5 % 


The reductase test was carried (Jiit according to 
a leceiU inodificalijm by Thornton (lo.v) whereby 
milk lu])es eonlaining the standard methyleiie-hlue 
sohilion are shaken every half an hniir. In order to 
deleimine the i*oini)ai alive worth of dilTerent treat- 
ments several repelilions were niaile in each case Init 
results of rmly tyi)ical observations are iJicsented 
here. 

kicsui/rs 

Tables I-VI being snlTicieiilly explanatory only 
a Inief acconiil of tlie exi)erinienta] re.sults is given 
below : 

Results given in tabk 1 indicate that milk 
l)rodnced without precautions gives the highest 

TAllI.E 1 

the ctwcl oj tiitjrnnt pniautions on bacterial 
numbers ami quality of milk 


] " 



t'nllege dairy 
samples. 

; (rowala 

samples. 

rre.ihneiitv. 

1 

Had. ; 
l?<-r c.c. 

ketluc- 

lion 

1 imc.“ 

1 

* Bact. 
IHT c.c. 

Reduc- 

tion 

time. 

riiNU-rili/.cd pail, 

lail untied, tore* 
iinlk not removed. 

in 1.^0 

7 lir^. 

IP 100 

0 hrs. 

Slerili/.ed Jiail, tail 
lied, foie mi Ik re- 
mo\ ed. 

1 ISO 

12 ,, 

.U50 

• 

« ,, 

.Sierili/ed pail, tail 
tied, foremilk re- 
iiiovtMl, udder and 
bamls wasiicd with 
water 

i 

15 ,, 

1250 

1 

10 „ 

Slerili/.ed pail, tail 
tied, hue in ilk re- 
moved, udder ami 
hands washed with 
KMiiO, 

110 

more 

than 

18 hrs. 

j 700 

i 

1 

i 

more 
than 
15 hr.s. 


* Tin* (jnality of milk produced in all cases was fairly 
giK)d because real bad milk reduces the colour of melbylene- 
blue within 2 hours. 
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bacterial couiils, while the numbers arc very much 
reduced when the pail is sterilized, foremilk is 
discarded and (he tail is tied. Still belter results 
are obtained if, in aJdiliun, the milker’s hands and 
the cow’s lulder are washed with potassium pernian- 
Kanale soliiUoii. W’ilhin the .scope of these trials 
treatment 4, i^ives the best quality of milk. 

.Marked diiferences in bacterial nuiiibers and the 
reduction time of iiietliyleiie-blue are found when 
the pails are either cleaned with mud or cowalung 
ash (Table II). Ash with its relatively low’ bacterial 
content and belter ;4eiinicidal property is found to 
be a much better malei ial for cleaning the pails. 

TAIUJC II 

.Shau'iiij;: tin' I'lfctl 0 } LUwiing milk pails ivilU mud or 
ash on Otulcnal numbcis in milk. 


College dairy (iowala 

baiiipUs. samples. 


Tmdmtnls 

Haiti cleaned with 

j BavL. 
per c.c. 

1 , 

Rcdnc- 
i tiun 
Lime. 

i 

Bact. 
per c.c. 

Rediic- 

tiun 

time. 

mild 

Dohna cleaned with 

' 2000 

10 Ills. 

4800 

8 lirs. 

nfu<l 

Haiti cleaned with 

8400 1 

« n 

6500 

8 „ 

Hsh 

Dohna cleaned with 

1300 1 ’ 

i 

14 „ 

2200 

7 „ 

a.sli 

1500 ! 

: 1 

14 „ 

2300 

7 „ 


.V./C -To pj event interference from oilier causes a few 
drops of pure milk were removed and the ud<ler and hands 
washed with KMnO., (1 :200), in eveiy case. 


precautions (cf. Treatment No. VII) also shows 
much lower counts of bacteria (Table IV). 

TABblC IV 

Shou iltfi the I'fjccl of pails ilcanrd with ash and kept in 
Ihc sun (61 hours, maximum temperature tJO^F) and in 
shade, on baelcrial counts in milk. 


College dairy 
.samples. 


(iowala 

samples. 


Treatments 


1. Jialti kept in siin 

2. Pohna kept in snii 


Bact. I 
per c.c. , 


Reduc- 

tion 

lime. 


70 : 14hrs. 

over 
75 18 iirs. 


Bact. 
per c.c. 


840 


Rediu- 

tioii 

time. 


9 hrs. 


760 9 


3. Halli kept in shade 


5100 d0-l2 hrs.l 


2200 7 „ 


4. Dohna kept in shade 


(iOOO 10-12 


2300 7 „ 


.V./C — To prevent ir.Lerferenee from other causes, a 
few drops of foremilk were discanled and the udder and 
hands washed with KiMiiO* (1 ;2000), In every ea.se. 


Bacterial counts in goicalas samples are 
relatively higher than those in the dairy milk, 
apparently due to di (Terences in the sanitary con- 
ditions of the two places. The general trend of 
results is however much the same in both the cases. 

In order to determine the de.gree of effectiveness 
of such trcatmenls the cSvSeiilial data were subjected 
to a critical statistical test and the analysis of 
variance worketl out as shown in table V. 


If the pails after cleaning with ash are kept 
inverted in the siui for a few hours the numlx:r of 
liacteria is very much reduced, viz., 3-6 per ml., 
practically appmaching the sterilized pails 
(Table III). Milk drawn in such pails with proper 


TABbU 111 

.showing relative bactciial c aunts in pails cleaned wilh ash 
and kept in the sun and in shade. 


TrcMliiK-nts 


Bacteria per c.c. 


. College dairy ! 
j samples. I 


(iowala 

samples. 


TABbK V 


Analysis of Variance 


Due III. 

: Degree Of 
freedom. 

! Sum of 
squares. 

Mean 

square. 

i 

Ratio 

variaiii 

Replications 

5 

2128*6 

425*720 

... 

Treatments 

6 

155491*2 

25915 300 

97*08 

Urror 

30 

8007*8 

226-926 


Total 

41 

165627*6 

... 

... 


1. Haiti kept in .sun 

2. Dohna kept in sun 

3. Balti kept in shade 

4. Dohna kept in shade 


6 

3 

120 

180 


18 

8 

230 

380 


N.B.-200 c.c. of sterilized water were u.sed for rinsing 
each pail. 


It is observed that the results arc higlily 
significant even at one per cent level. This would 
indicate that the differences are not mere chance 
variations but are actual expressions of the pr*"' 
cautious taken. Furthermore to evaluate the relative 
significance of different treatments, critical difference 
ha.s been calculated and the bacterial counts (actual 
numbers per c.c. have been divided by lOO, to simphfy 
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I lie calculations) arranged in the order of the effects 
,.r(Kiuced (cf. Tabic VI). 

It is evident that treatments 1 , V and II are 
Highly unhygienic. While a marked variation is 
.ipparent in the bacterial counts of milk under treat- 
ments IV, VII, III and VI, the differences are 
iiisignilicant statistically. 

TABI^i^ VI 

I watmculs arranged in order of the effects produced. 

Crilical dilicrcncc = 19-2. 

Treatments. IV Vll 111 VI 11 V I 

t U rialNos. perc.c./100 7 8 12 5 23 31-5 65 191 


Kconoinic depression together with ignorance of 
jiiccise precautions has greatly impeded the hygienic 
piudiictioii of milk in this country. Since elaborate 
(K;vices for steaming and disinfection as advocated 


by foreign workers are not practicable in India, such 
simple and cheap precautions as the washing of 
milker’s hands and the cow’s udder with clean water 
or potassium permanganate solution discarding a few 
drops of the foremilk and cleaning the pails with 
ash and exposing lhe.se to the sun, etc., should prove 
very helpful in the production of clean milk. Since 
goivala's house depicted more closely the conditions 
of an Indian house-hold, statistical analysis has only 
been restricted to this set of experiments. 

In fact these simple trials were conducted more 
for the purpose of providing figures that would 
appeal to an absolute novice than for scientific 
interest. On the basis of the experimental results 
it is claimed that if our goiialas and farmers could 
be persuaded to adopt these simple precautions, the 
production of high quality milk is possible in every- 
day practice even under our conditions of extremes 
of climate and of social and economic Ixickwardness. 

References. 
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FORCING WATER INTO HUMAN BODY 


A jet of water under pressure of 15,000 pounds per scpiare inch, issuing from a tiny hole, may 
hi^cuiiic part of cancer treatment in the future. This method of painlessly forcing water through the 
‘'kill instead of using a hypodermic needle injection was reported by Drs O. h'aill.a and T. R. I'olsom. 

Cancer yields more readily to X-ray treatment when distilled water has been injected to drown the 
^ iiH\r, as it were, after X-ray bombardment. 

The idea of using a very fine, high-pressure jet of water came from reports of the injuries Suffered 
h> workers with high-pressure oils. The injuries were at a considerable depth from the surface of the body. 
Ihe oil, emerging in a fine stream from a tiny hole, penetrated the body without the worker being aware of it. 
lilt-* inethud may be used, Dr Failla suggested, not only for getting distilleil water into tumors in coii- 
jiiiktioii with X-ray treatment but also for injecting radioactive substances into the tissues. 

The water jets penetrate the skin an inch or more, preliminary tests have sho\vn. vSkin offers consi- 
<!ual)lc resistance to the jet as compared with other substances. The jet can penetrate raw potatoes, for 
■^•niiple, to a depth of three or more inches. 

Although the water jet can be uifcd to introduce liquids into human tissues, Dr Failla says no 
“distinct superiority of the jet over the needle method” has appeared. 


— Science Digest, 
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Some Economic Features of Japanese Food 

J\i*\NK.sK (Hl'I plays an iin])orlaiit part in the 
u'oiKnnics of the pc«)i)le. The Jai»aneso obtain the 
three essential eoiislitnents of food, namely, f>rotein, 
earl)ohydrate and fat, froiii a dietary (initc different 
from what is a rule in l{urope f)r America. The 
sources and proportions, for instance, of protein as 
taken by ihe Japanese* people may be seen from the 
table below, in launparison with those tff the same 
substance as obtained by the luiropeaiis from their 
daily dietary. The ri.uures in the table are coii- 
stnicled with the normal hnman re(iiiirement of 
]>rolein as loo. 


JAPA M- Slv. l ? ROPK ANS. 


Cere.'ils 

and 

potattas 

44-9 

Cereals and potatoe^i 

42-3 

l''ish 



18-5 

Meat 

22-1 

Hcaiis 



18*3 

Milk 8: dairy products 

19-0 

Olliers 



18-3 

Others 

16-6 

Total 



100-0 

Total 

1000 

From 

the 

above, 

it will 

be st^eii that while 

the 


hairopeans obtain protein chiefly from meat, milk, 
butter and cheese, the Jai)aTiese And the same food 
essential in fish and beans, protein in the latter’s 
case bein.e: rei)resented by soya beans in a predomi- 
natit proportion. 

In order to obtain a ^;iven amount of meat, 
milk and other dairy pnKlucts one must give to the 
animals seven times as much quantity of protein of 
vegetable origin. The growing of livesbx'k feed, 
therefore, is an im])ortant ])art i>f agricultural work 
in most Furoiiean countries. One half and, some-* 
times even twq-thiids, of the tillable acreage is 
jdaced under fodder and crops for animals. But 
fish and beans mi which the Japanese yieople mainly 
depend for supjily of one of the essential constituents 
of diet arc grown by nature. I'ish grow up in the 
sea. The soya beans happen to l)e one of the si)ccies 
which require no nitrogenous manure. The bacteria 
in their roots absorb nitrogen to produce one of the 
richest vegetable bjods. As for fat the Jat)anese 
obtain it chiefly fnnn vegetable articles of diet, and 
the amount taken is much beyond the biological 
requirements. The luiropeans .seek fat in foods of 
animal origin, and the amount they take generally 


far exceeds tlie amount really required for i)hysir;il 
purposes, giving under one and the same pric*. 
level, the Japanese spend ho ])er cent less on llaii 
daily diet than the Kuropeaiis. 

Operation in Blood Bath 

A CARKi'Ui. surgeon would no more neglect Id 
drain off escaped blood while operating in the 
peritoneal cavity than he would operate with uii- 
stcrilized instruments. Careful drainage helps In 
keep the cavity clean, and lessens risk of peritonitis, 
though instances are available of its developing after 
“dry” operations. A inodiflcation in this practice nt 
surgery has been suggested as a result of maiiipulai 
iiig a rush of patients for such an operation. During 
the Arab-Jewish riots of 1936 in Jerusalem, Di 
Edward G. Joseph of Madassah Hospital had main 
l>atients whose abdomens were badly shot up. Dr 
Joseph had not enough time to resort to drainage, and 
he operated in a bkxxl bath, stitched up his patients’ 
intestines, closed tlicir abdomens without furtlui 
ado. The victims recovered with no hint of peri- 
tonitis and the success st:ggcstcd that free outpouring 
of blootl ill the peritoneal cavity might be of liel]' 
rather than harmful. Dr Joseiih has tried mil 
his theory on dogs and rabbits, then fnrlhei «»n 
liunians. When he soiled the peritoneum without 
allowing bl -eding, during an oi)eration on the Cfdmi. 
eleven out of twelve animals developed peiitoiiiti'' 
W'heii fresh Idood was injected into the cavity, onh 
one in four became infected and adliesioiis woic 
notably few. On human patients 200 c.c. of blood 
run through, a tube into the abdominal cavity at Uk 
end of the operation produced favourable recoveiie> 
These findings are summarised in the July issue of 
Lancet. 

Home Treatment for Syphilis 

W’lTii the progress of medical research the 
chemical means to cure syphilis are available now 
but for its real conquest there is the problem 
lining up the patients. Standard syphilis-destrour 
is arsphenamine, the drug salvarsan (“606“), whki' 
Germany’s Paul Khrlich prepared 30 years a/"* 
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\rcrcury and bismuth compouiuls are also useful. 
I'ut all these dru^^s must he injected regularly over 
;i long period (i8 moiUhs to 2 years) and many 
palieilts dislike injections and monotonous visits to 
I he doctor. When their gross symptoms disai)pear, 
lluy often Jihaiidon treatment forthwith, still liar])our- 
itur the pale lurking .spirochetes. A sensational new 
drip treatment which enables patients to assimilate 
massive doses of arsenicals a drop at a time through 
their veins provides a (piiek cure of early syphilis in 
some cases. An account of this was inihlished on 
p; 17 of the July, 1940 issue of this journal. Hut 
ill this method a patient must co-operate by staying 
in a hospital for five days. 

Doctors have long wanted a syphilis antidote 
which can be taken (according to their instructions) 
hy mouth, at home. Time reports the development 
of such a home treatment. The preventive value of 
hismuth for syphilis was made clear in the ig^o’s 
lt\ Dr M. U. Sonnenberg of Poland, who gave 
liismuth injections to prostitutes for five years, and 
obtained 05% protection. I'or the past ten years, 
Dr Paul John Ilan/lik and his co-workers at Stanfonl 
Piiiversily have been working to put bismuth into 
piactical anti-syphilis pills. Recently they settled 
..11 a soluble sodium bismulhate compound which 
they called “sobismiiiol”. In most patients, two 
capsules of soliisminol taken w’ith a glass of water 
three times a day for several weeks healed the 
Mil face disturbances and freed them of spinxdietes. 
It also passed into the blood stream an<l attacked the 
^piificlietes in the blood and tissues. .Sobisminol 
also works as a prophylactic. Taken daily for at 
least three weeks, it protects against syphilitic infec- 
tion after the first week. Hut Dr llan/.lik does not 
I'loiiiise complete cures on the basis of solhsminol 
'lone. He and other investigators believe its role 
t"i the present to shorten and mininii/.e the cmirse 
of injections. 


Maternal Mortality in India 

\’Kry little information was available regarding 
th.- causes of maternal morbidity and mortality in 
India. During the past few’ years under the 
"i ]>ices of the Indian Research Kund Association 
"Eternal mortality cmpiiries have lx*cn carried out 
'n Calcutta and Honibay and another was in i>ro- 
'css in iq^q in certain of the urban and rural areas 
Delhi Province. As in other countries, tnicrperal 
’ psis appears to rank as the highest among the 
' 'nses of maternal mortality. 

Anaemia associated with t^rcgnaiicy ranks as the 
xt highest. In regard to eclampsia and toxaemias 
'■ pregnancy, their incidence appears to differ 


geographically. I'or instance, they are relatively 
rarer in north-eastern India than in the southern and 
eastern parts of the country. On the oilier hand, 
osteomalacia, producing comlitions causing difiiciilt 
labour, ajrpears to have a defiiiitelv higher incidence 
ill the Punjab, Kashmir and iiorlli-western India 
generally. Other investigations relating to maternal 
morbidity included a study of the toxaemias of 
pregnancy at the vSeth (i. S. Medical College, 
Hombay, emiuiries into the anaemia of women in 
Assam and in Cali iitta, and a study of the biochemi- 
cal and dietetic factors concerned in the toxaemias 
of pregnancy at the King lulward Medical College, 
I.ahore. 

Tracing the Cause of Epidemic Dropsy 

luUDKMic dro])sy is a disease which is widely 
prevalent in north-eastern India, for instance, in 
.\ssani, Piaigal, Hihar, Orissa and the eastern parts 
of the Ihiited Provinces, 'file cause of the disease 
was for long a my.stery in spite of cnnsideralik 
research done on tiie subject . 

Il has been shown throiigli ejiideiiriological 
studies and the results of liunian feeding ex])eri- 
nieiits, that the accidental coiilaininalioii of mustard 
seed witli the seed of a w’eed, . J rgc/aioic tncxica, 
Ikiiown as sialkauia in Hengal) which grow’S wild iu 
ihe fields w'here the mustard plant is grown, seems 
to cause eiiideinic dropsy. The ]>reseiice of argemoiie 
oil ill mustard •)il can be ilemoiist rated by a colour 
change following llie addition of nitric acid to the 
.su.sj>ecti*d oil, the intensity of colour giving an 
indication of the projiorlion of argeiiione to mnslaid 
oil in tile mixtnie. Thus, fnnii the ])oint of view of 
e])ideiuic dropsy as a public lieallh iirobleiu, a con- 
siderable advance ai«]aars to have been made, 
because sus])ected oils can easily be tested and ])re- 
veiited from being sold to the public. 

I'uiilicr, it has iiceii shown In experiments on 
animals that when argemoiie oil is heated till it 
, “fumes Well, the toxicitv of tlie oil becomes 

rediiivd to tliat of bland oils, like olive oil or liquid 
paralfin, altliougli the healed oil ‘ still gives the 
positive nitric test. If these results nVitaiued on 
animals are conlirmed by (observations iu man, then 
the luMliiig of the oil till it “fumes” would be a 
simj)le method of controlling the disea.se. 'I'his is 
particularly important in view of the custom preva- 
lent in Hengal of using raw untreated oil in food and 
for anointing the body. 

Endemic Fluorosis in Madras 

In Madras Presidency, a disease is widely preva- 
lent characteri.sed by stiffiic.ss and pain in the spinal 
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region and in the various joints. It has been shown 
to ])c be one of chronic fluorine intoxication rcsnltiiiK 
from the continued use of water containinj^ fluorides. 
The ju’oblom of conibalin.i; it is two-fold, namely, 
the prevalence of a comparatively wide .geographical 
area of a dental condition, coiiiiuonly known as 
“mottlctl enamel”, and the oeeuneiice in a restricted 
area, of severe manifestations of chronic fluorine 
intoxication involvin.e the spine, joints and li.ua- 
ments to which the name of endemic fluorosis has 
been .uiveii. W’ork is in progress to de-limit the 
fluoride areas in the province. The presence of 
mottled enamel in children has sug.gested a wide 
distribution of fluorides in drinking water supplies. 
As re.gards dietetic factors, in the iirevention of this 
dise.ase it has been observed that even with a hi.gh 
fluoride content of the water used for drinking and 
cookin.g, the incidence and severity of chronic 
fluorine intoxication is .greatly influenced for the 
belter by a well-balanced diet. With a compara- 
tively lower fluorine content in the water, an 
insuflicicncy of vitamin C iind a high calcium value 
in the diet results in a hi.gher and more .severe inci- 
dence of fluorine into.xication, even the younger 


adult age groups l>ecoming aflFected ; and in th. 
absence of fluorides in the water, these dieteti. 
deficiencies i)roduce neither mottling of enamel no; 
bone manifestations. 

Lalxiratory experiments on monkeys have eon 
firmed these findings of the field survey. Twn 
factors therefore appear to be important in the pin 
ductioii of fluorine intoxication, viz., the presem-. 
of fluorides in toxic doses and an unbalanced di. t 
with a pronounced deficiency of vitamin C. 

Research work at the King Institute, niiiii.-, 
on the removal of fluorides from water has not lu . n 
successful ill evolving a cheap method for renioxin 
the salts for application under rural conditions. An 
attempt was then made to see whether a llnoride I H 
water could be obtained at depths greater than , 
to 35 feet, the normal depth of fluoride-bearing wai.i 
in Mellore district. A borehole carried to a deptb 
of .300 feet yielded water having a high flnoriil' 
content of .3*5 parts per million. The V’^'^'t'tical snlii 
tioii of the problem of endemic fluorosis sliniiKl 
therefore with the T>reseTit knowledge be sought In 
remedying the nutritional defects of the popuhitinn 


Public Health as a Social Service* 

John B. Grant 

Director, All-India Institute of Hygiene and Public Health, Calcutta. 


Tuk address in orienting public health as a social 
service traces the origin and evolution of the social 
services as such, jiarlicularly as exemplified in 
luigland ; which, as the home c)f the Industrial 
Revolution and of Herbert Spencer, saw the birth of 
these services that now are world-wide. The Political 
and Economic Planniu.g (PlvP) Report on British 
Social Services (1037) defines social services as: 
“those services jirovidcd or financially assisted by a 
public authority which have as their object the 
enhancement of the personal welfare of the indivi- 
dual citizen.” The definition of ‘public health* to* 
include social sgopc was first enunciated by Winslow 
(1020) and has since been modified as follows: — 

“ Public TJealth is the science and art of social 
utilisation of scientific knowledge for medical 
protection by maintaining health, preventin.g 
disease, and curing disease through organised 
community for (a) the hy.giene of the environ- 
ment ; {h) the control of community di.scase ; 
(cl the organisation of medical and nursing 
service for the early diagnosis and preventive 

• .Xiiapted Trom Dr John 1^. Grant’s Ba.saiita Lecture 
delivered on vSeptember 26 and 27, 1940, at Calcutta Univer- 
sity and published with the permission of the University. 


treatment of disease in the individual ; (d) tin. 
education of the individual in ]>riiif‘ii>Ks <>t 
personal hygiene end of iircvcntive inedicim ; 
and ie) the development of the social macliiiu ’ \ 
which will ensure to every individual in tin 
community a .standard of liviii.g adcJiuatc fm tlu 
maintenance of health As .such, public lie.iltli 
becomes social medicine and is primarily a fiel<l 
of social service, applyiii.g practically every ba>io 
science directed towards a comprehensive prn- 
gramme of community welfare.” 

Public health activities 30 years ago were actuate*! I»v 
either or Ixith fear of epidemics and humanitarian iMii, 
with limitation of scope largely to control 
eiiviroiituental hygiene and of communicable disease^. 
Social service became fissured in governnicntal fun* 
tioii only in this century and largely since lOM-i 
The justification of social service is economic. 

The siiecific question explored in the address 
whether public health, in addition to its previni’’ 
epidemic and humanitarian motives, possesses a 
social economic basis and, if so, what is the present 
orientation ; and, particularly, whether it bas 
reached the stage of evolution as either a disciplaic 
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or an art to pcniiit postulating ])rinoiplcs upon which 
ilcpctuls successful administration ? The percentage 
iIccreaSL’ in the death rate from luherculosis in 
I'nglaiid and Wales from iS5i-ip;^8 was one of the 
illustrations taken h) show the inter-relationship 
between and dependence of public health upon <)ther 
social fields than the medical. In lujgl'ind tuber- 
eiilosis regulations and the community medical 
iiKichinery for lubercuhjsis control did iu)t come into 
effect until iqi2 while the decrease in the death rate 
was proportionately greater between 1^51 and i()i i 
due to improvement in the social-ectmomic condition 
than after s])ecific anti-tuberculosis measuies were 
begun. 

■Modern sociology is defined as the ‘science* of 
the origin, growth, structure and function of sm-iety. 
It is on the verge of becoming the art and i)rnclice 
of the collective will of society to procure the fullest 
potentialities of life from the application of knowledge 
of the natural sciences through the administrative 
channels of social services. B\it as yet only an 
empirical and ineffeclive stage of government has 
been reached and thus corroborating the conclusion 
that sociclv represents an organism of low degree or 
a stage of development at which in the animal world 
thi.‘ germs of an intellectual faculty are just 
perceptible. It is universally acknowledged that the 
immediate and pressing social inoblein c»uifronting 
die welfare of the world is to overtake the lag 
between modern knowledge and its community 
ntib.satioii. However in .‘•pite of the lag in the 
theoretical desiderata, there has been a relatively 
significant lK*ginning of social services and without 
wliich there could not be the jmesent ex])ression of 
dissatisfaction with the progress made in terms of 
that desired. The lag in public health is .ascribed 
to five causes. The outstanding cause of the lag is 
the absence of .scientific hivrsliM^iiO}] of nudiods to 
a]>i)ly the results of pure research to groups of 
population. The four other causes of the lag arc: 
the absence of a public opinion educated in the 
'iiaintenance of health and the prevention of disease ; 
mademiate economic considerations in ]>laTining of 
•‘dministration ; the lack of adherence to six essential 
administrative principles ; and finally, the absence 
of personnel trained in comnuinity application of the 
nielhodology resulting from scientific investigation. 
Hie address amplified the five causes of the lag 
through detailed exemplifications and indicated 
>teps being undertaken internationally in solution of 
tluir causes. 

The main point brought out in the addrc.ss is 

unscientific nature of iiroseiit public health 
'dministration as a social service. General principles 
' nnneiated by Bernal and Huxley were quoted as to 


.steps necessary for the s<x'ial services to become 
scientific, particularly Huxley’s requirement for 
experimentation in methodology based upon deter- 
mined principles. The address then, in terms of 
these general requirements and of experience in 
piildic healtli itself, Lays down six p<jslnlales for 
piiblic health administration as a science. These arc 
the interdependence of social servi(’es ; the achieve- 
ment of maiiiteriiince of health rmly through the 
people being themselves fjossessed of adc<iuatc educa- 
tinii in an<l practice of knowledge ; the necessity for 
tile atlministratioii of special functions l)eing iindcr- 
takeii only by a single governing Inxly ; the 
nece.ssity for comiiromise in .social jirogress but in 
terms of the whole design being before the mind ; 
the requirement tlmt administrative procedure must 
be based upon sound economic consideration and 
practicable financial budgetting ; and, the require- 
ment i)f pers«mnel trained in administrative methods 
scientifically derived. This initial eniinciaton of 
liostulates for any SfH'ial service administration 
continues through elaborating each of the ixistulatcs. 

Xo single field of social welfare can indepen- 
dently function effectively. This first principle of 
horizontal articulation is based upon cx]>evicnce of 
results of sf'cial planning. vSociety is composed of 
population with a biological heritage, natural 
resources or the physical heritage, and technical arts 
or the cultural heritage. Not only must the planned 
society integrate these three factors but social 
service implies the correlation of the technical arts 
themselves. The progress of each is mntnally 
dependent on the ax'erage level of progress of all 
i>lher stKaal fields. Public health camud progress 
iKWoiid the effectiveness of education ; agriculture 
bcvoiul communications. The organisation of 
medicine is inseparable from the S(X'ial -economic 
organisation of the community in which it functions. 
Interdependence of social services is the /irsf 
postulate. 

The second fact of medical social service 
administration is that successful community utilisa- 
tion of knowledge for medical [)ro(cction is dependent 
upon the two fundamental factors: economic- 
political and education. The ‘ development of 
economic-political is not discussed being beyond the 
scope of the address. 

The second i)ostnlatc is that the final i)ositive 
goal of maintenance of health can only be achieved 
by the people themselves throngli being possessed of 
adetiuato education in and practice of health 
knowledge. The address gave details of the manner 
in which compulsory ediicalicm in the United States 
and b'ngland was orienting rapidly towards positivi* 
education for citizenship participation, together with 
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illustrations of the resultant abilities for maintenance 
of health. 

The Hritish Ministry of Reconstruction (1919) 
called attention in the following words to the defects 
that had .erown up over 70 years in the English 
Adininist ration : 

It has been the vice of our organisation of the 
machinery of government that the separate 
provinces of government activity have been 
carved out, or iiermitted to develop, not to fulfil 
a s])ecial ))iir])ose for all sections ol the 
pojmlation, but to fulfil all iiiirposes for a special 
.section. It is not snrjirising, in view of the 
fundamental importance of the national health 
in all relations «if life, that, for each special 
section of tlic poiinlation in turn, progress in 
Oovernmeiit activity should discover the neces- 
sity for action in matters of health. Tn the 
absence of a Ministry (d Health, the Departments 
concerned with each special section retained and 
develope<l their own responsibility by means of 
indcjicndcnt and water-tight machinery ; while 
in every such section the specialised health pro- 
vision thus established rain’dlv became full of 
duplication and overlapping.” 

The foregoing was formulated by vSir Arthur 
Newsholme into the following third postulate ; 
“Hood administration requires that when a special 
function is to be undertaken it should be undertaken 
by one governing body for the whole conimnnity 
needing the service, and not for different sections of 
the conimnnity by several governing bodies.” 

This necessity for co-ordination and unity of 
purpose under one administration will bo successful 
in proportion to fulfilment of certain secondary 
administrative requirement. Organisation must be in 
graded units from the polyvalent primary units at 
the peripherv to the base at the top providing 
specialized function and supervision. Specialised 
supervision is the key to successful polyvalent peri- 
pheral activities. ^Methodology must be scientifically 
derived and administered by personnel who are 
trained through self-participation in the methodology 
to be administered, and with opportunity for regular 
periods of refresher training. Administration itself 
must be checked periodically for cfiiciency by routine 
use of appraisals. Centralized direction and de- 
centralized aclivitv is the basis of sound administra- 
tion upon the principle that too great decentralization 
limits competence while too great centralization 
results in , ultimate weakness. 

An inexorable law is that social change never 
unfortunately takes place through planned compre- 
hensive schemes but piecemeal, here and there, now 


and then, by trial-and-error and opportunistically 
The necessity for adminislralivc acknowledgement 
of compromise constitutes the fourth postulate. Thi- 
principle is so essential to the initiation of new 
activities but so little, if ever, appreciated by acadcmii 
theorists inexperienced in bringing new comniunit\ 
machinery into existence that, for their benefit, tli* 
statement of fact must be supported by authority 
The principle has been lucidly expressed by Eord 
Lytton who, after his return from the viceroyalty oi 
India in iSSs wrote the following : 

“ 'Phe basis of all government, whatever the form 
of it, and the object of all statesmanship, what- 
ever the direction of it, must always lu 
t^xpediency, and expe<lieney alone — nothing more 
and nothing less what is expedient, in othei 
words what is good for the entire comiinmilx, 
with which a (n)verninent is concerned. .Ml 
that is inexpedient for the community, regarded 
in all its parts and all its interests, prospect iv, 
as well as present, is bad in government and 
false in politics. The test of right or wrong is 
not truth or falsehood, but good or evil. All 
political action is good or bad, right or wroiiv, 
according to its consistency nut with theory hnl 
with circumstance. For circumstances are the 
only things which riovernment has to deal with 

” Those hiiimin circumstances are not simjile, 
nniforin and consi.stent but infinitely various, 
finctnating and divergent. \Vc cannot apply tn 
courses of political action or administrative \vf)ik 
the methods which are applicable to trains of 
reasoning or research ; the object of these latter 
is to arrive at absraet truth, of the former tn 
bring about gO(xl of a particular multitn«le of 
human beings, whose conditirm is cxtnmelv 
composite and whose interests are rareh' 

identical.” 

” Divine right of royal or other ruling powers •>» 
the doctrine of the Rights of Man and Eqnalih 
of all classes are equally untrue. Oovcmmeiii 
is neither more nor less than the trustee and 
guardian of the collective interests of a {state . • 
institutions arc not made, they grow ; u”! 
logical, simple or symmetrical, but vation^. 
intricate and full of salutary anomalies.” 

It is only the academic theorist who projects whnK 
schemes with the expectation of their immcdiai^ 
('onimnnity fnlfilnieiit. Shaw has said the same thin.: 
in “Nothing is ever done and much is prevented l'> 
people who do not realize they cannot do evcrytlnnp 
at once**. Lord T,ytton*s experience is resolved !•> 
Sir George Newman in Building of a Nation* s 

(1Q39), into the following specific recommendations 
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the medical social service administrator, of which 
liree are pertinent to the point in question : — 

(i) Every scheme should express a standard 
of objective and vvorknianship which con- 
stitutes something in the nature of a 
national miniiiium of what is both neces- 
sary and practicable in all areas, rather 
than what might be ideal or desirable if 
carried out by the most enlightened and 
competent Eocal Authorities ; such public 
and representative bodies prefer to feel that 
there is ample room left for local volition 
and elasticity ; 

{ii) The undertaking only of what is itiuiie- 
diately practical and obviously beneficial or 
advantageous, rather ihan the adoi)lion of 
a medical system of higher scientific value 
and statistical accuracy but less prompt in 
returns and less obviously ameliorative or 
remedial in purpose ; 

ini) In health statecraft, central or local, 
medicine takes not an incidental but an 
essential share, but it is not always para- 
remedial in purpose ; 

'1 his fourth principle of the necessity in social 
progress for compromise between theory and practi- 
cability of applicathjii results in two ancillary facts 
iM l)c borne in mind. More immediate progress can 
Ik assured through the successful cumniunily deinon- 
sli.ition of a quarter of one principle than Ihroiigli 
tile abstract enunciation of i(w> principles. And, 
roiiii)njniise can be successfully entered upon only 
pioviilcd that in so doing the whole design is before 
tile mind. 

The results of social service atlininistratioii are 
piopuiiionate to the eeoiioiiiic soundiie.ss of expendi- 
tmv planning and consequent varying methodology 
•>f leehnieal implement atioii. Much of the inelf eclive- 
iK-ss of adiniiiistration is the result of violation 
■*i this principle. It is obvious that there can be 
lie results if a medical service for school health in 
I'ba, with its annual per capital income of Rs. 65, 
IS i)lanned on the same administrative basis as for 
l iigland — a country with an annual per capita 
mcoine of £y(i (1931) and where the medical service 
‘lone costs 7.V. per capita of school i)opulatiou per 
'lumun. The conse iuent methodology problem must 
1^1 t be solved in India before there can be a signi- 
school health programme. The solution lies 
>11 the development of methodology whereby the 
bi' ilitiLs purchased at a cost elsewhere of ys, per 
‘I'l'ha, can be applied locally within economic 
I'l-icticability. This can and has been done in 
^'Amtrics of relatively low economic standard. This 
is so significant that it justifies illustration, 
is taken from China. 


The community teaching field established under 
the Medical College in Peking devel<.)i)ed methodo- 
logy of school health on two economic standards. 
An ‘A’ service to demonstrate technical measures 
common in the West was i)roviiled entirely through 
cabh purchase at a cost of Chinese dollars 2 41 per 
school child per annum (1934). This, however, was 
impracticable of extension under Chinese economic 
conditions. Coiiscqueiiily, a ‘IP service was deve- 
loped at 04 cent per capita per annum, which was 
economically practicable. The latter programme was 
developed on the basis that the essential measures 
should I)e uiulerlakeii by volimlary elTort of the 
teachers and the juipils tlieiiiselves and that cash 
l>urchase should be limited to provision of supplies 
and of technical supervision by the medical olficer 
and the school nurse. This applied to each of the 
three admin istiativc sections, vi;:., sanitation, medical 
Service, and health education. The practical essen- 
tials are water and sanitary toilets in .sanitation ; 
routine appraisal measures of the individual pupil’s 
health and prophylactic vaccinatiotis under medical 
service, together with correction of acute remedial 
defects ; and, the integration of healthful living and 
«)f health knowledge with actual living of the pupil 
ill health education. It was shown that respon- 
sibility for the bulk of routines of the school health 
service could be [ilaced upon the teachers and the 
pupils provided two e.sseiilials were adhered to. 
These were to train the teachers and to provide 
adequate supervision of the established routines by 
the medical officer and the nurse. Teachers 
aiipoiiited in each school in charge of health were 
tiesignated foi special training in a special 
session during vacations. 'I'lieso summer ‘institutes’ 
had practice schools attached with deinonslration of 
health services in the latter, which were also provided 
in the ‘institutes’ for the teachers themselves. 
Teachers were thus given opportunity to instruct 
themselves in the measures of school health through 
self-participation as well as being provided with 
theoretical instruction. The result was provision to 
,ihe schools of persons competent to be responsible 
for the categories of measures indicated above. This 
apidied not only to the sanitation of the school 
environment but the teacher could vaccinate as well 
as undertake the routines of simple treatments 
including trachoma ; and, he supervised the pupils 
in their practice of health habits, periodical weighing 
etc., that the latter undertook themselves through a 
.system of health monitor-ships. Supervision was 
inovidcd through cither the school nurse or the 
medical officer visiting the school weekly, except 
when special measures had to be undertaken beyond 
the capacity of the teacher or the students. This 
descriiition is sufficient to illustrate that the bulk of 
the essentials of a school health service can be 
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(liscliaiT^ed tlirongh local voluntary efTorts rather than 
through cash purchase, freeing the latter for making 
available the rejiiiirecl technical supervision ami 
medical siipidies. In this manner the fundamentals 
of a service at a cost i>f Chinese dollars 2' 41 and 
dei>endent entirely upon purchase was jirovidetl for 
i)4 Cents tliroiigii utilisation of trained voluntary 
effort under technical sU[)er vision. Hut a dilTereiil 
administrative methodologv had to be devised upon 
the amount of available cash and which dilTered 
.ereally in detail, although iiuL in i>riiK:iple, from 
administratiim of the school health service provided 
entirely through cash iiurchase. Also, utilization of 
thisH principle re<iuires that the administrative area 
is large enough to be self-contained. Obviously a 
summer institute for teacliers would not be justiliable 
for tell schools only. 

The Jijlli t)ostulate is that administrative pru- 
i'edure must be based upon .sound economic 
budgeting. TJie corollary is that public health 
administration beeoiiie.s successful in inoportion to 
the extent of Self-participation, directly or indirectly, 
by the citizen. This fact increases in importance 
with the U-SSer economic ability of the community 
to make cash purchase of medical protection. 
Control of malaria in Hanama is elTeclively under- 
taken solely through cash purchase, which is 
entirely impracticable in Heiigal. The .social coiii- 
plexity in industrially advanced communities nece.ss'i- 
tates specialization and cash purchase which however 
can be substituted through ‘self-help’ or voluntary 
effort in the relative simplicity of agricultural coiu- 
iiiunilies. 

Finally, the sixth postulate is that adiniiiistra- 
lion will be effective to the extent that methodology 
has been developed inductively through controlled 
ex])enineutal coniinunities and is administered by 
personnel trainctl specifically in the methods. 
Failure in this princitde constitutes the single most 
important factor for the lag between development of 
knowledge in the uatiiral sciences and the com- 
munity utilisation of such knowledge. The reason?? 
for this are elaborated elsewhere. 

The purpose of the development of methodology 
is to assure practicability and fullest efficiency of 
community utilisation of the results of pure 
research. Utilisation of methodology implies personnel 
trained in the successful methods. Social adminis- 
tration is effective in proportion to the extent that 
there is^ planned correlation and co-ordination 
between academic “csearch and training and adminis- 
tration. 

Training in public health is the most emergent 
branch of medical education as should be expected 


from the fluid picture of practice reported in this 
address. The function of investigation and instruc- 
tion in public health is the demonstration of tlu* 
most eflicieut and practicable MgTJiODS of scientitiL 
medical protection through organised cominuniU 
effort aim the provision ot opportunity for students 
lo train themselves in the principles and application 
ol these iniuciples and methods. Hoth the investi 
galive and the training functions demand Hil 
pruvisitm u£ coiitrolleil community areas of a size, 
sufficient to permit exemplification of self-con taiiiet! 
administrative methods, and to provide quality and 
(luaiilitative facilities lui students’ self-participation. 

vSocial background and its relation to public 
healin ami disease constitutes no part of inedieaJ 
education as yet although it is now obvious they 
should be as much as bacteriology or surgery. 
Ferusal of the dicta in the past two decades emanat- 
ing from such uigaiiisations as the Oeneral Medical 
Council of Great Hritain, or the Association of 
Aiiicricaii Medical Colleges, reveals that the niajiu 
recoiiinieiiaatiuii is the uecc.s.sity for incorporation in 
the medical cLirriculiim of the preventive and public 
health aspects of medical knowledge. So far Uu 
results ot these reeoiiimeudatioiis are nominal not 
only because of the vested interests of the uldei- 
establislied subjects but because tile 1 ecomiiienda- 
liuiis have almost entirely ignored suggestions lor 
the .speeiJie means for their implementation. Tlii.s 
failure is due to the aUseiice of social experience 011 
the part of the present ‘elder statesman’ of medical 
education, who have reached their present sciiiui 
pobilioiis without opportunity for personal expcii- 
euce in undertaking the principle they are recuiu- 
meuding, although they can now see its imporlancc. 
However, this failure seems inexplicable in tlie liglil 
of the prescrii)lioii by tlie same bcxly of adeiiii.atc 
.self-paiticipalive facilities for instruction in the i»iv- 
cliuical and clinical branches of medicine. In fact, 
today such facilities have almost reached standaidisa- 
lion of w’hat is deemed satisfactory provision. Vet, 
educators have not seen that adequate facilities for 
inslructioii in public health to either the iindei- 
graduate or giaduate student can be assured onl}' 011 
the Siinie principle as that already followed in pre 
clinical and clinical instruction througli the i)iovi- 
sion iif opportunity for self-participative instruction 
ill community fields under control of the tcaclicis. 

The address concludes with the signilicaiit 
.statement that the efficacy of national health adinini- 
slralion in assuring medical protection must be m 
proportion to its fulfilment of the six postulates 
enumerated ; thereby providing a yardstick to 
measure the soundness of any local administrative 
policy. 



Diet Surveys in India 


In a note prepared for the meeting c)f the Nutri- 
tion Advisory CoiiniiiUee of the Indian Research 
I'lind Association in December, Dr \V. R. 

Aykroyd, M.D., D.Sc., Director of the Nutrition 
Kesearch laboratories, I.R.K.A., Coonoor, summa- 
rised the results of over 50 surveys carried out in 
ilifferent parts of India. The Committee recom- 
iiieiided that the existing information alnnit the food- 
stuff composition of diets should be made available 
lor agricultural and animal husbandry departments 
anil utilised as a guide to agricultural policy, 
inirther information on rice diets is availalde from 
the Government of India Health hulUlin No. 2S, 
Mimmarised from the Itidian Medical Research 
Memoir No. 32, recently published (ig4o). 

The surveys included a careful <iuantitative 
Mivestigation of all the foods consumed by a group 
of families '-usually about 20 — 4ind each survey lasted 
loi- a period of 10 to 20 days. ITiis involved daily 
liou.se to house visits in which all focKistuffs were 
weighed. At .some places surveys were repeated at 
ililierenl seasons. Intake per consumption unit (/.c., 
per adult mail value) of calorie.s, protein, various 
mineral elements and vitamins have been worked out 
;md, in addition, the average comiiosition of the diets 
as regards actual foodstuffs determined. It is the 
latter which is of the greatest value in connection 
with agricultural policy. 

'I'lie information already available does however 
provide a picture of dietary habits over a large part 
of India. Most of the families investigated Ijelonged 
to the poorer classes and their diet is typical of that 
consumed throughout the year b}' millions in the 
areas in which the surveys were carried out. W’hile 
tile kinds of pulses, vegetables, etc., taken by the 
lieople naturally differ from idace to place, in general 
die nutritive value of different varieties coming 
under the various headings is fairly similar. Thus, 
leafy vegetables as a group are rich in vitamin A and 
cakiimi, and all vegetable fats and oils consumed in 
India arc devoid of vitamin A activity, and so on. 
Aliy differences in the nutritive value of different 
Mirieties of the supplementary foodstuffs, which are 
usually included in the diet in very small quantities, 
aic important in relation to the diet as a whole. 

Rice Diet 

The majority of surveys have been carried out 
ni rice-eating areas. The important fact emerges 
lhat the diet of the poor rice-eater is very similar all 


over India. He consumes, in addition to his staple 
cereal wliich supplies So-go per cent of total calories, 
very small ijuantities of other foods such as pulses, 
vegetables, fruits and meat. Milk and milk pro- 
<hicts are taken in negligible quantities or not at all. 

The “actual” diet of the i>oor rice-eater in India 
is represented semi-diagrammatically in Table i. A 
well-balanced diet, resembling diets recommended 
by the Laboratories, is included for ])nrposes of 
comparison . 

TAIILIC 1. 

riiH “Acti'm." Diia 1)1- riiK Rick-i;atkk and \ “Wku.- 

li.\I,A.NCJv»'” DiKT. 

per i‘()ti.siimptioii unit per <la>g 


/• 1)(>U . 


“ Ictuar' diet. 

“Wethbalanced’' 

diet. 

Riff 


15-25 


15 

Pulbcs 


(>•5-15 


3 

Milk 


None or 
negligible 
amounts 


8 

heafy vegftahkrs 

0’5-I0 


3 4 

Non-U afy 

vegetables 

2-0-5‘0 


6 

Truit 


negligible 


2 

\'egelahl'j 

lals ife oils 

.. Less than 10 


2 

ImsIi, meal 

and eggs 

(>•5-10 

milk 
from 
taken 
ble ( 

3 (when 
IS absent 
the diet or 
hi negligi- 
[luaiitities) . 


(with eoTKiinients and .s])icee.s in small quantities.) 


Rice : If the composition of the “actual” diet 
is worked out in terms of protein, minerals and 
vitamins, and the results compared with the stan- 
dards suggested by the J^eague of Nations Technical 
Commi.ssion on .Nutrition and other standards drawn 
up by physiologists, it is found that the rice-eater’s 
diet falls short of .such standards in almost every 
important constituent. Rice however supplies *80-90 
per cent of total calories, and the nutritive value of 
the diet as a whole is in certain re.spects dependent 
on that of the main ingredient. Improvement in the 
nutritive xalue of rice is therefore desirable. How 
can this be accomplished ? Certain workers consider 
that the development, cultivation and popularisation 
of strains of high nutritive value constitute a pro- 
mising line of attack. Results so far achieved in 
this direction do not, however, suggest thrft any 
striking success is likely to be obtained by this 
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method of approach. No amount of selective inge- 
nuity could produce a rice which was a rich source 
of calcium and vitamin A in relation to human 
requirements. Rice must always be defective in' 
certain essential food elements whatever be the 
botanical variety or method of cultivation. This 
(lucstion has been fully discussed iu an l.R.F.A. 
meiiwir published from the Laboratories, entitled 
I'he Rice Problem in India, Sir John Russell, in his 
report on agriculture in India has remarked, ‘Tii 
dealing with food crops intended for home consump- 
tion the agriculturist should aim at securing the 
largest and healthiest crops possible, but he need 
not concern himself with trying to change their 
composition. The amount of alteration possible is 
too small to justify the expenditure of time and 
resources that can better be spent in other ways”. 

On the other hand, the content of rice in certain 
important food factors, is greatly aiTected by milling, 
washing and cooking. The easiest way of raising 
the nutritive value of rice as consumed is by miiii- 
niisiug the losses brought about by these processes. 
Parboiled rice, which retains certain vitamins in 
considerable (piantities even when highly milled, is 
to be preferred to raw rice. The task ol ensuring 
that rice loses as little nutritive value as possible 
during preparation concerns public healtli and educa- 
tional rather than agricultural authorities. It has 
been fully considered in the memoir referred to. 
Whole wheat and the various millets have a higher 
nutritive value than milled rice, and the partial sub- 
stitution of rice by one or other of these foods 
improves pour rice diets. This has been demonstra- 
ted by animal experiments. It is therefore desirable 
that the consumption of wheat and millet should lie 
encouraged in rice-eating areas. As regards tigri- 
cultural policy, this presumably means that special 
attention should be given to increasing the yields 
and extending the production of these cereals. The 
cultivation of wheat in India is limited by climatic 
conditions but the millets are grown all over the 
country. They tend however to Idc regarded as 
secondary in importance to rice, and are often con- * 
sidered to be an inferior type of food. “Grow and 
eat more millet” w'ould be a slogan very acceptable 
to the nutrition worker. 

Pulses ; The rice-eater^s intake of pulses falls 
short of what is desirable in the circumstances. 
Pulses supply some of the food factors in which rice 
is deficient, and constitub? a valuable supplement 
when the diet is based largely on raw milled rice. 
Agricultural departments in rice-eating provinces 
should aim at increasing the cultivation of pulses by 
developing improved varieties, etc. The type of 
pulse is not of particular importance, since there is 


not much difference in the nutritive value of tlu 
various species. 

Milk : In the majority of the rice-eatiiii 
groups investigated, the intake of milk, which oi 
all foods, most clTectively supplements tlie poor rice 
eater’s diet, was negligible, and in striking contra^; 
to the suggested standard of S o/s. daily. Wright in 
his rejiort on dairy improvement has estimated tlu 
total milk iiroduction of India as amounting to S o/.s. 
per capita daily. This figure may however give a 
false impression of the amount of milk consumed in 
many parts of the country. For practical purposes 
the jM)or rice-eater consumes no milk at all. 

Leafy vegetables : beafy vegetables are parti- 
cularly valuable suiiplemciits to poor rice diets since 
they are rich in vitamins A and C and calcium. 'I'lu^ 
surveys have sliown that intake is everywhere fai 
below the desirable level. Agricultural departnicuK 
should therefore take up the study of leafy vegetabk^ 
and endeavour to increase their production. I'lii 
commonest and cheapest varieties are usuallv 
valuable as the more expensive. 

Son-lcafy vegetables : Intake of iion-leaf\ 
vegetables showed considerable variation in tlu 
different provinces. In some it almost reached llii. 
standard recommended ; in the majority, how'ever ii 
was well below this level. While the value f)f leah 
vegetables must be particularly emphasised, there is 
no doubt that a greater consumption of vegetables 
of any kind would improve standards of nutrition in 
India. On this point tlie Russell Report may be 
cpiotcd : ‘‘Much more work should be done on iIk 
cultivation of green leafy vegetables and denionslni- 
tioii fruit and vegetable gardens should be sVl ii|' 
adjacent to the villages where they can rec* i\e 
manure and water. A marked extension of 
table growing is very desirable.” 

“Special emphasis may be laid on the develop 
meiit of kitchen gardens in villages. The latter Ikin 
been strongly recommended by the Nutrition 
Research Laboratories and is now part of the 
gramme of Health Units, etc., working anioiii.’ 
village populations. In some places considerable 
successes have been achieved. The villager in many 
parts of India is not interested in growing vegetables 
even when land and water for this purpose are 
available. Education and propaganda are re<)uiud 
to teach him the value of vegetables as food ainl 
to persuade him to grow the.se for his own use when 
circumstances permit. More attention might he 
given to vegetable growing by agricultural reseaicli 
workers and departments.” 

Fruits : Consumption of fruit was in geiieial 
negligible in the groups investigated. P'ruits are 
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ich in various vitamins which are present in 
iisiifficient quantities in the pnor rice-cater*s diet. 
Mangoes, papaws, tomatoes and oranges are of 
j. articular value. Kinphasis may be placed on the 
i.iinato, a cheap food of high nutritive (piality which 
> being successfully popularised in certain ])arts f>f 
India. 

Vejrciablc oils and fats : The rice-eater*s diet 
is normally very poor in fat and intake is often below 
’ ) grammes daily. This is far below the standards 
nf fat intake usually recommended. While it is not 
i'lear whether a low consumption of fat tends prr sc 
to produce ill eflFects on the Ixxly, it is reasonable 
to suggest that intake of vegetal )lc fats and oils 
i'f)iild with advantage be raised. An increased pro- 
duction of oil seeds by selective and other methods 
is therefore desirable. 

Fish, eggA' and meal : In general fish is a food 
of considerable value in supplementing poor rice 
diets. Fish muscle can supply various important 
food factors and small fish, when eaten whole, are 
[cirlicularly valuable because they are rich in 
calcium. The fishing industry in India is in a very 
backward condition and a large potential soitrce of 
iM)od food remains untapped. The yield is a mere 
fraction of that which could be obtained if efficient 
nielliods such as those followed in Kurope and Japan 
Wire aptdied. The industry is handicapped by the 
fact that it is almost wholly in the hands of poverty- 
'itricken fishermen who are unable because of 
icnorance and lack of capital to take advantage of 
new and improved methods. Problems of transnort, 
refrigeration, marketing, etc., require a great deal of 
investigation. It is a pity that at present so little 
idtcntion is being paid to the devcloimicnt of 
fi'^licries because a greater intake of fish would 
niinnestionablv do something to improve standards 
nf nutrition in India. Kegs have a nutritive value 
roiioldv similar to that of milk and an increase in 
production is to be recommended for the same 
o.asons. Meat forms a verv small part of Ivpical 
Indian diets and in the existing economic circum- 
slnnccs there is little prospect of a material increase 
ia moat supply. 

and Ja^ffcry : The sugar intake of most 
nf the rural rice-eating groups was nil or negligible, 
fhe indu.strial gtouds in Pihar crmsiimed sugar 
nndir t o/. a dav. The intake of the families 
m Pclhi province and of the Bombay workers was 
•' little above this level. In South India consumption 
'if sugar and jaggery in general is very small. These 
l‘-"ures suggest that the recent increase in sugar 
l'’oduction in India has not yet been reflected in 
‘Substantial intake of sugar on the part of the 


poorer classes. Sugar is a useful food in that it is 
a concentrated source of energy ; it is, however, 
I>ure carbohyilrate and does not contain the finxl 
factors which are most needed to sui)plemenl Indian 
diets. An increase in sugar intake is no doubt 
desirable, but it cannot be regarded as highly 
important from the standpoint of nutrition. 


Miij.rt Dirt 

So far only one millet-eating group in ^Mysore 
has been .surveyed. Ragi (Flcusinc coracana) 
was the type of millet consumed. A ‘>tudy of 
diet, which is jn'obablv typical of millet diets 
throughout India, shows that its composition, apart 
from the .staple cereal, is .similar to that of typical 
rice diets. While millet diets are of higher nutri- 
tive value than rice diets because of the superiority 
of the staple itself, the former can l)e inqn-oved by 
snf)plemcnlary foods in sufilcient (juantities in much 
the same way as rice diets. 'I'lie recommendations 
with regard to milk, vegetables, fruit, etc., thus 
apply etiually to millet diets. 


Whkat Dirt 

A relatively high intake of milk and milk 
products and pulses was characteristic of the groups 
whose chief cereal was wheat. Whole wheat itself 
is of higher nutritive vahie than rice as ordinarily 
consumed, and wheat diets in India are more satis- 
factorv as regards general composition than rice 
diets. The amount of vegetables and fruit included 
in the wheat diet was however too low. If these 
diets can be regarded as typical of wheat-eating 
areas in general, it is clear that a greater prodiution 
of vegetables and fruit should be one of the chief 
aims of agricultural imlicy in such areas. The low 
consumption of vegetable oil and meat is offset by 
the fairly high consum])tion of milk and ghee, which 
jieverthele^'S fall short of the standard recommended 
in certain of the groups. 


T\PIOC\ I)IRT 

I'ajhoca is consumed as a .staple food only in 
'rravancore. One survey has been carried out in this 
State. It was found that the diet of a typical 
village group was based on both tapioca and rice, 
the former being consumed in greater quantities. 
Tapioca has a very low protein content, and in 
tapioca-eating areas there is a special need for foods 
rich in proteins of high biological value, such as 
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milk, fish or meat. Intake vej:jetablcs and fruit 
was found to be satisfactory in the area surveyed. 
A diet based largely on tapioca should be supi)le- 
iiiented by at least ozs. of pulses daily ; this 
(piantily was not consumed by the group studied. 
Most of the tapioca-eating areas are adjacent to the 
coast and advantage should be taken of this to 
increase fish intake in these areas. 

The investigations reported in this note are in 
line with the following recommendation in the 
Russell Report : 

“The first need in iny view is to make a nutri- 
tion survey in each province so as to discover what 


are the chief deficiencies in dietary ; the medic.il 
authorities should then meet the agricultural expciK 
to decide what crojrs, including fruits and vegetabU^ 
should be grown to supply the missing element.. 
The approximate quantities needed should l., 
indicated, and the agricultural staffs acting alon:, 
with the rural development authorities should tlun 
encourage by all means in their power the growili 
of these crops**. 

Let us hope that the programme outlined abovu 
should be soon carried out by the proper gowiii 
ment agencies. 


EFFECT OF SMOKE POLLUTION ON HEALl'H 

.Measurements of daylight in the industrial aivas has shown that a considerable amount of visibli* li'jlil 
as well as a large part of the ultra-violet light is effectively cut off bv the smoke clouds in the atmos]>here. Ii 
is mainly the loSs of the ultra-violet light, which sometimes amounts to about qo i)er cent, that is injurinim 
to health. Lime is not deposited in sulTicient (luantities in bones, when there is not enough ultra-violet lit.- lit 
falling on human bodies. Children who do not gel sufficient amount .of ultra-violet light develop i iel<i.t^. 
The lo.ss' of ultra-violet light also brings alnnit a deficiency of vitamins in the Idood, which arc so miR’li 
necessary for the building uj) of the nerve tissues i>f our bodies and the stimulation of our blood-cells. 

The lack of ultra-violet light affects the vegetation a.s well as the animals. The clogging of tin- 
stomata bv the deposit of dark coloured sooty matter further reduces the poor ultra-violet light reachiti:; 
the leaf tissues. Cows fed on this vegetation yield milk poor in lime salts and children fed on this milk again 
are deprived of the nourishing matter, lime. 


— Journal of the (iujarat Research Socirty. 



Research Notes 


Inhibition of the *‘Succinoxidase System** with 
Extracts of Tumours and Normal Tissues 

The ‘*succino\i(hisc*’ system has been foinid to 
])lay a fundamental role in cellular resi)iration. 
Various investij’ations have been made to study the 
distribution of *‘succinoxidase*’ in normal and patho- 
lo.i;ical tissues. The succitioxidase activity of 
certain tumour was found to be very low. R. A. C. 
h'lliotl [liiochcm. Jour., ^37, 113/I, 1040! has recently 
made some intcrestinj; investii^alions to explain this 
low activity. It has been found that the oxidation 
of succinate by liver sust)ension was rapidly and 
almost completely inhibited by the presence of 
suspensions or extracts of W’nlker 256 Carcinoma 
aiifl Philadelphia No. t Sarcoma and less actively by 
Jensen Sarcoma. The inhibitory effect was also 
shown by some normal tissues, especially pancreas 
and spleen. Commercial trypsin also inhibits to 
some extent. The inhibitor is therniolabile and non- 
dialysable. It acts on the *'succinoxidase*’ system 
in a proijressivc manner, the inhibiton increasinj’ 
with time. 

It is now generally accepted that the “succinoxi- 
dasc” consists of at least three components, dehydro- 
’cnasc, cytochrome and cytochrome oxidase. The 
didiydrogenase causes succinate to reduce cytochrome 
and the reduced cytochrome is reoxidised by cyto- 
hromc oxidase. The succinic dehydrogenase and 
tliL' cytochrome oxidase arc both inhibited by tumour 
extracts. But this is not strong enough to account 
f'M the total inhibitory effect on the ''succinoxidasc” 
system of liver. Cytochrome c is unaffected. It is 
thus concluded that the inhibitor acts on sonic other 
‘‘“mpoiient, possibly cytochrome b. The “succi- 
noxidase” activity of brain, muscle and kidney is 
ntheted similarly to liver suspensions. But the 
‘succinoxidase** activity of heart suspensions is not 
■d all affected and tumour extracts accelerate the 
‘'iipcinato oxidation with heart suspensions in pre- 
pense of added cytochrome c. 

P. K. S. 


Thiamine (vitamin Bi) in Citric Acid Metabolism 

RuKns aiul others nave shown that citric acid 
P'lays an important role in the metabolism of carbo- 
hydrate. This cycle involves two oxidative de- 
carboxylation processes. The first is involved in the 
synthesis of ciliic acid frcjin pyruvic acid and 
4-carbon dicarboxylic acid and the other is required 
for the conversion of ketoglutaric acid and suc- 
cinic acid. It is already known that pyruvic acid 
is one of the most reactive intermediates .in carbo- 
hydrate metabolism and co-carboxylasc (tluamiiie 
pyrophosphate) is essential for the oxidation of 
pyruvic acid, but nf) conclusive evidence has yet 
been furnished to sliow that co-carboxylase is 
essential for the synthesis of citric acid. Recently 
Sober, Tipton and Elveh’em (/. Biol. Chou. 757, 605, 
1Q40) have made an attempt to show that perhaps 
thiamine is essential for the synthesis of citric acid. 
The evidences furnished by these investigators show 
that during vitamin B, deficiency in rats, urinary 
excretion of citric acid is ap]>reciably decreased. 
Further, this citric acid excretion is independent of 
the inanition accompanying the deficiency. It has 
also been ob.servcd that rats suffering from thiamine 
deficiency show a decreased ability to synthesise 
citric acid from injected succinic acid. A lo-fold 
rise in citric acid excretion in rats has been observed 
by these workers when thiamine was administered to 
. deficient rats. These results suggest the pos.sibility 
that co-carboxylase functions in the metabolism of 
citric acid in the body. 

B. G. 


Iron-Porphyrin Compounds and Haemocyanin 

The theory of cellular respiration states that 
oxygen after being activated by the respiratory 
ferment, cytochrome system, reacts with hydrogen 
atoms of the metabolites which have been activated 
by substrates, specific dehydrogenase systems. The 
latter procCvSS consists in the transfer of hydrogen 
atoms from the substrates to pyridine co-enzymes 
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under the influence ol catalytically active proteins. 
The actual oxidising agent in cellular respiration is 
not molecular oxygen but the ferric iron of the 
Warbnrg-Keilin system and the function of oxygen 
consists ill the re oxidation of the ferrous iron formed 
by the reaction with hydrogen. ivTow, the iron of 
the W'arhuig-Keiliii system belongs to iron-porphyrin 
nucleus which possesses the interesting property of 
forming three sorts of compounds each of them 
i>laying a rundamcntal part in cellular respiration. 
lron-])orphyi in may unite with (0 a protein and thus 
combine reversibl\' with molecular oxygen without 
electron exchange (hnciiioglobin, myoglobin etc.), or 
nijiy combine with (h) a protein forming a sluggish 
oxidcition-rcdiiclioii system, non-autoxidisable (c3do- 
chroine r and possibly other cytochromes) or, with 
{Hi) nitrogenous compounds giving autoxidisable 
electro-activc systcm.s (haemochromogens, Keilin's 
‘cytochrome oxidase*). Thus iron-porphyrin com- 
pounds tnav ad; as mediators between activated 
substrates and clectro-activc systems and as final 
mediators with molecular oxygen. 

Hall and Meyerhof in a very interesting paper 
on the ocfcurrencc of iron-porphyrin compounds and 
succinic dehydrogenase in marine organisms possess- 
ing the copper-containing blood pigment, hemo- 
cyanin, (J. Biol. Chem. 483, 1040) have shown 
that this [u'gmcnt al.so functions in a manner similar 
to the iron Iilood pigment. This copper blood 
pigment has not yet been observed to play any part 
in the process of oxygen utilization by mammalian 
tissues which proceeds through a chain of iron- 
porphyrin compemnds composed of a haemoglobin, 
myoglobin, cytochrome a, b, and c. 

Of the marine animals studied, four {Limulus 
fwlyphemus, Busy con canaliculaium , Homarus 
americanus and pealii) pos.sess hcmocyanin 

as blood pigment. They also contain such iron- 
porphyrin compounds as myoglobin and cytochrome. 
Cytochrome oxidase and the three cytochromes arc 
present in the heart and some body muscles of all 
these organisms. All tissues of these animals 
possessing the cytochrome system are also found to 
he rich in .succinic dehydrogena.se which is intimately 
hound up with it and the general respiratory cycle 
of mammalian tissues. It is therefore concluded 
that the process of oxygen utilisation in these 
organisms is similar to that in mammals except for 
the substitution of haeinocyanin for haemoglobin. 
The reason for the utilisation of copper instead of 


iron by these organisms to form their blood pigment 
cannot be ascribed to the inability of these animals 
to utilise iron or to synthesise the porphyrin pros^ 
thetic group characteristic of the iron blood pig- 
ments. Why animals like Busycon should employ 
haeinocyanin for a blood pigment and yet possess 
muscles rich in the pigment myoglobin, which is 
very much akin to haemoglobin, is indeed of pro- 
found interest and renuircs to be further elucidated. 

S. R. 

Factors Influencing the Absorption of Iron and 
Copper From the Alimentary Tract 

Ar.TiTOuoii the importance of iron regarding 
hacmoglohin formation and regeneration has long 
been recognised, the actual form in which it is 
present in food-stuffs and the exact mechanism in 
which it is absorbeil by the system have given rise Id 
considerable speculation. Some suggest that fenie 
iron as such is not absorbed by the system but must 
first be reduced U) the ferrous state in the intestine 
which contains easily oxidisahlc materials and has ;i 
low oxygen tension. Other w^orkers believe that 
ferric Fe can be absorbed as easily as ferrous Fe and 
produces as good a haemoglobin regeneration as 
ferrous iron. 

Tompsett (Biocliem. Jour., 5/, g6i, ig4u) slates 
that as the ferric iron becomes non-dialysable and 
none X tractable witli trichloroacetic acid due to the 
formation of complexes with phosphatide and 
phosphoproteins present in the food-stuff, it is 
probable that it is not absorbed as such. Hcfoie 
absorption the ferric iron is first reduced to the 
ferrous state and this reduction takes place in I lie 
stomach by a vitamin like ascorbic acid 01 1 )n 
protein. According to the author, as the reduction 
lakes place in acid medium, the gastric acidity of 
the stomach plays a very important role in the 
absorption of Fc. 

Absorption of copper on the other hand is noi 
inhibited by the presence of phosphoproteins and 
phosphatides in the diet. From the results obtained 
by the author it is clear, that the absorption of Cn 
and Fc is higher on a low calcium diet than on a 
high calcium diet and is increased by the addition 
of acid to the diet. 


K. C. 5. 



Leiters to the Editor 


Socio-Biological Causes of the Fall of France 

In recent months the world has had the inis- 
lurtuue of witnovssing the fall of the Great French 
Mrnpire to the Germanic hordes and its slow capi- 
lulatioii under the iron heel of the Nazi. We have 
been told that the French were taken unawares by 
being outflanked from the Belgian side where there 
was no Magiiiot Fine, that the Gerinaii forces were 
superior to the French forces in man-power and 
inachiiiery and that there was treachery on account 
of the existence of the fifth-columnists in their midst. 
More than any others it is perhaps the last item that 
is the most noteworthy. 

If we look back into the Hall of History, we 
can find many nations that have crumpled like a 
pack of cards before the onslaught of invaders, 
more virile, energetic and determined to carry 
through a certain objective. Assyrian, Babylonian, 
Iranian, Greek and Roman civilizations have all 
Lione back to roost. They have all fallen because 
of the destruction of homogeneity of their race. 

Similar thing has happened with France. 
I'or the last loo years or so she has recorded a 
lalliiig birth-rate and today she stands the lowest on 
the list. She is a country that is fast aging, i.e., 
in a given population there are more aged persons 
tliiin the young, more young than children. Six 
ilccades ago French birth-rate was 23 '9 per mille, in 
it was 17*7. In the beginning of 1939 it was 
I'crhaps much less and now after the war and loss 
'»t the pick of manhood it will be further depressed 
in the years to come. In 1929 German birth-rate 
was about iS and since 1933 it has been going up. 
In spite of falling birth-rate there has been some 
J^light increase in the French population as shown 
hy the country’s decennial censuses but that has 
i'oen found to be mostly due to immigrating 
•^Jieigners. Taking only those foreigners who are 
*he enemies of the French people today, viz,, the 
^ •^ermanic races and the Italians we find that in 
''XU there were as many as i48ocx> of the former 
'lid 808000 of the latter. Taking total immigra- 
bon of all nationalities and ages during 1920-30 


it has been computed that nearly 2 Jiiillion 
l>ersons had entered France. Now, any country 
whose natural population has been falling and 
whose neighbours are casting wistful eyes on 
her stands in a permanent danger of being 
swamped out. On the top of all tliese it was at one 
time found that there were as many as 400,000 
illegal, criminal abortions, etc , thus depriving the 
country of a natural increase of her population. 
Perhaps most of the foreigners may have taken 
hreuch nationality. But alter all one has to take 
into account the culture that is brought into an alien 
country by the immigrant. There is principally a 
wide gulf between the native culture and the 
imported one, and the acquisition of a country’s 
nationality can in no way divest an immigrant from 
the cultural modes of the parent-country saturated 
in his bones. Besides this there is another factor, 
that of racial mixture, accentuated by the constant 
fall in birth-rate. Although the children born of 
such a miscegenation may be of the same nationality 
as the immigrant-receiving country there is that 
diversity of culture and cultural ideas which are 
homogeneous in the other children. These form a 
direct menace to the country of their birth since in 
abnormal times, such as the present war, they may 
l)ecome potential fifth-columnists for the invading 
country or countries if they happen to be the ones 
from which they come. Apart from the factor of 
superior man-power and machinery, this is the 
major factor that has played its part in the present 
fall of France. It had its beginning nearly 70 years 
ago when records show that emigrants from other 
countries began to invade the PTench territory. 
Today that invasion has been consummated. 

Perhaps the only country in the world that has 
sought to fight the immigration menace from 
diverse countries and nations is the U.S.A. She has 
enacted laws which are now being rigorously put 
into practice. But the menace still remains since 
there are millions who may have by now acquired 
American nationality and most of whom may be 
reckoned as potential fifth-columnists. The only 
course left open to America today is to help 
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(Vrcat Britain in its resolve to crush the Gennan 
plans of invasion and hegemony, and thus nip the 
danger in the bud. She can then set about putting 
her house in order in the light of French analogy. 


Bombay, 


33-9-1940- 


S. F. Desai. 


Action of Some Quinoline, Benziminazole and 
Pyrazolone Derivatives on Paramoecia 

The action of quinoline and some of its deriva- 
tives on i)aianioecia has been studied by GretheS 
Tappeiiier^, Niederehe^ and others. Brahmachari^, 
ct al made an interesting observation that, although 
6-amino(iuinoline and 8-aminoquinoline have no 
action on paramoecia in strength of i : 4000, the in- 
troduction of OH-group into these quinoline deriva- 
tives raises their toxic action on paramoecia to a 
remarkable degree. 

I'he effect on paramoecia of some quinoline, 
benzimina/.ole and pyrazolone derivatives, synthe- 
sised* and sent for examination by me, has been 
kindly studied in the Department of Pharmacology, 
School of Tropical Medicine, Calcutta. A summary 
of the results obtained is presented below. 


Compound. Effect on Paramoecia. 


{i\) Sodium derivative 1 
l-plicnyl-3-iiietliyI- 1 

p\ razoliiie-4 :5 1 

(2' ;3')-4'-hydroxy- 
quiiioliiie. 

5,000 

10,000 

20,000 

Death after 10 minutes 
Death in 25 minutes 
No effect 

(B) Hydrochloride of 1 
4-liydroxytliiophen- 1 
2:3 (3':40-2Miy- 

droxyquinoliiie- 
sulpliuuic acid. 

5.000 

10.000 

Death in 13 minutes 
No effect 

(C) Hydrochloride of 1 
l-phenyl-3-mctIiyl- 1 
4-(2')-ben/.imin- 1 

azolylpyrazolone. 

5,000 

10,000 

20,000 

Death aftei 1 minute 
Death aftej' 2 minutes 
No effect 

(D) Hydrochloride of 1 
2-hydroxy-3-(2')- 1 

benziniina7,olyl-4- 1 

inethyl-quinoline- 
sulphonic acid. 

6,000 

10.000 

20,000 

Instantaneous death 
Death after 2 minutes 
No effect 

(B) Hydrochloride of 1 

2 :4-di!iiethyl-3-(2')- 1 
beiiziiuinazolyl- 1 

quinoline. 1 

1 

; 5,000 

; 10,000 
20,000 
50,000 
100,000 

Instantaneous death 
Instantaneous death 
Death after 10 minutes 
Death after 18 minutes 
Death within 45 mins. 

(F) Hydrochloride of 1 

2 : 4-dim ethyl-3- 
(2') -benziminazolyl- 
6 :7-benzo-l ;5-hcp- 
tadiazine. 

5.000 

No effect 
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From the accoiiqianyiiig table it is evident that 
the compounds (A, B, C and D) are moderately toxic 
to paramoecia, whereas the comi)ound (E) is highly 
toxic to paramoecia so much so that its antiseptic 
properties compare very favourably with an equi- 
valent dilution of quinine. So far as the compounds 
(I) and IC) are concerned, it is found that the toxicity 
for paramoecia is considerably enhanced by the 
replacement of the hydroxy-group in 2 -position by 
methyl (provided the sulphonic acid group does not 
interfere with the action). 

My grateful thanks are due to Bt.-Col. R. N. 
Chopra for kindly i)crmittiiig me to publish the 
above results. 


Tejendra Nath Ghosli. 

Department of Pure and Applied 
Chemistry, 

Indian Institute of Science, 
bangalore, 24-9-1940. 


' Lh'ulsch. Anil. Klin. Med., 50, 189, 1895. 

* Ibid., 50, 3S9, 1895. 

' y.. fit’s, hxpil. Med., 0, 350, 1918. 

‘y. I'hann. Expll. Tliciap., Jy, 4i3, 1930; 41, 2b5, 1931; 
it, *145, 1932. 

•* T. N. Ghosh, Jour. Ind. Chem. Soc., 14, 123, 713, 1937, 
15, 89, 1938. 


On the Effect of Thoria-ceria, Alumina and 

Manganese Oxide upon a Nickel Catalyst 

The highly active j>articles on a catalyst surlaci- 
are liable to be easily sintered by heat. Hence these 
particles lose activity very quickly while catalysing 
an exothermic reaction. Such particles, however, 
are likely to possess high chemical reactivity as well. 
This can be easily measured by the action of acids 
in the case of metallic catalysts and provides a 
means for studying the comparative concentration of 
the active particles. Dilute acetic and hydrochloric 
acids have been found to dissolve nickel catalyst. 
The action starts earlier in the case of simple nickel 
catalyst in comparison with a preparation which 
contains thoria-ceria in addition. When allowed to 
be oxidised in a very limited supply of air the latter 
remains practically unaffected while the former is 
considerably oxidised. These facts show that 
particles of comparatively higher activity are present 
in nickel catalyst prepared without thoria-ceria. The 
reduction rate of the catalyst is however accelerated 
in the presence of thoria-ceria. This and the steadi^ 
ness of Ni-thoria-ccria catalyst are most probably 
due to the anti -sintering effect of thoria-ceria. 
action of alumina is more or less similar but the 
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oxides of manganese act by producing highly active 
particles which, however, cannot prevent sintering. 

Ciieniical JL^aboratory, K. M. Chakra varty. 

D.icca University, 

Dacca, 20 - 9 - 1940 - 


The Source of Energy in a White Dwarf Star. 


A white dwarf star has for its mass a much 
>iiiallcr luminosity than other stars. For Sirius B, 
ilk most accurately known white dwarf, the rate of 
oiKigy generation (U/M) is 0*007 erg. per gram per 
see., and thus during its life-time of 3 x 10^ years 
the energy radiated per gram will be erg.* 


A white dwarf ultimately becomes a ‘black 
dwarf’ (a term originally due to Fowler) when it 
lias completely cooled down. It is of some interest 
to examine the possibility that the star’s radiation is 
all maintained by the very small gravitational con- 
trad ion which takes ])lacc as the white dwarf sinks 
into the black dwarf stage.** This is done in the 
l»resent note. 


’flic pressure of ionised matterf at temperature 
T and density p such that the free electrons con- 
slitutj a degenerate gas and tlie atomic nuclei (of 
average atomic number Z) a non-degciierate gas is 
to a first approximation t given by 



kpT 

Z/xmn' 


where the degeneracy-constant K is 



(i) 


(2) 


is the mean-molecular weight per free electron i.c., 
the free electron concentration is plp>n\n. For ionised 
hy<lrogcn /*"i, and for any other completely ionised 


" I'he luminosity is assumed to be constant duriiii*; llie 
hff U the star. 

H wc assume that the star’s radiation is nuiintaiiied 
a version of hydrogen into helium, then the amount 
O' required per gram of the white dwarf material 

'vould be 10-41 gram, for, one gram of hydrogen on etm- 
'‘"iMt'ii to helium generates 1018-8 erg. However, the rate 
"I iMurgy generation for this exceedingly small coiiceiitra- 
tidii i,f hydrogen comes out on the Bethe-Critchfield formula 
'» III inijch smaller than the present rate of 0-007 erg per 
\ - M r ^ k'ram, and thus a larger concentration of hydrogen 
yil have to be assumed. Whether the high-temperature 
1 ..,*^' * , very likely precedes the white dwarf stage would 
a'd tins requisite hydrogen-concentration, it is difficult to 
' ; d ft did, the “life” of the star would be much 
^ ” the time-scale of 3x109 years. 

Dil l '' ' material in the interior of a white dwarf is com- 

’‘mised due to pressure-ionisation. 

* of power higher than one in T are omitted. 


element of atomic number Z and atomic weight A, 
/X — A/Z=?2. Ill denotes the mass of the electron, 
mil the mass of the proton, k Boltzmann’s constant 
and h is Planck’s constant. Ivpintion (i) can be 
rewritten in the form 


P== 






5/3 


where 


K -Kj^ 


1 ♦ 


kT 

Zniii 


k (')1 


and the degeneracy discriminant An is 

A - ^ 

2(27rmkT;^/' pm 11 ’ 

As the electron gas is degenerate 


(^) 


(4) 

(.S) 


If we assume (for the sake of an exact treat- 
ment) that the distribution of temperature inside the 
star is such that Ag remains constant throughout the 
ilegeiierate stellar core*, then we can treat K' as a 
constant. The eiiiiation of mechanical equilibrium 
for the star would then reduce to Phiiclen’s equation 
of index 3/2, and, Ihcrefure, replacing K in the 
usual theory* by K' we have for the radius R of the 
star, 


R-=R 


1 Zin„KVpc/J 


-= R, 




. ( 6 ) 


where R© is 


5* 1 . 2-79X 10" /ev^ 


cra.t (7) 


"1 324 is a number detiiiing the Kmdcn- 
Solution of index 3/2, O is the gravitational con- 
stant, and Pc and !'« denote the central density and 
temijcrature respectively. The central density is 
rylatcd to the mean density />„, by the equation 


Pc 

Pm 


5 ’99. 


( 8 ) 


<^3/2 =178*2 is constant characteristic of Emden’s 

Solution of index 3/2. 


The virial theorem requires that 
2Wk + \V„ -O, or K=(Wk + W„l = '^". . (g) 

where Wk is the total kinetic energy of the particles 


* For a white dwarf the core i*ompo.sed of degenerate 
electron gas contains practicalh- the whole mass of the star, 
i* ©is the mass of the Sun. 
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in the star, is gravitational energy and K the 
total energy of the star. The gravitational energy 
for a poly trope of index n is 


Wo 


3 

5 n R ■ 


(to) 


Substituting for R from (6), we have from (g) 
and (lo), 



Therefore, the energy available for the star to 
radiate is 

kTo (f^\l 

7 Ro ZninKlpc/ 

and, using (6) and (8) we obtain after a little 
reduction 


M 


5 "V.Y 3 kl'e \ 

7 oyi '2 Amir 



where the expression in the brackets is the thermal 
energy of the nuclei per gram of matter at the centre 
of the star. 


Tlie energy radiated during the life-time of 
Sirius B is erg. and if all this is to lx* provided 
by gravitational contraction, then, assuming the 
stellar material to be helium, we have 


which is a reasonable value for the central temper., 
turc of the stellar core. Because of the lar-o 
thermal conductivity of degenerate matter the coii.- 
is almost isothermal. The assumption, p/r '‘^■‘=coii .i 
made in the calculation of T^, , therefore, leads to an 
appreciably higher* value of T*. . 

If we take the core to be iosthertnal and nj 
uniform density, then, an easy calculation gi\Ls 

AE . 3 kT 
M 2 Am 11 

/\ F 

and putting e.g., we have T-i Oxn,- 

degrees. 

It is not difficult to estimate roughly till- 
thermal conductivity of dense degenerate iiuiIUm, 
and knowing this the temperature of the core can Iil 
determined. Calculations^ for a model white dwarf 
(L = jo*^ erg., M-io'*'* gram) gave r4xio‘ degavs 
for the central temperature of the core and 12 x m 
degrees for the .suifaec of the core, and these valiio 
are in reasonable accord with the core temperature 
that is rcrpiircd if the star’s radiation is lo be 
tained by gravitational contraction alone. 

Physics Department, D. vS. Koilun 

University of Delhi. 

Delhi, 29-9-1940. 

* In fact, higher by a factor comixiral Ic to 3. 


o'53 


( 


3 kTc 
2 4m H 



or Tp =3’o X 1(7 degrees, 


‘Milne, Monthlv Notices R.A.S., 92. 610, 19.^2. 

Kolhari, ilyhi.,' 93, 61, 1932. 

• ICothari, he. cit. 
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Right Thinking* 


the portals of the University of Uppsala, is 
to be found an inscription attributed to the 
l»liilosopher and mystic Schwedenborg — *‘Free think- 
iiii; is good, but right thinking is better”. It sounds 
a noble niaxiin, but like all pious sentiments the 
(linienlty begins as soon as one tries to apply it to 
pi Helical problems ; for in all matters which excite 
liuinan ])assions, it has not yet l^ieen found possible 
to attach any objective sense to ”Right Thinking”, 
and in this respect, the moderns are no better than 
llic ancients. 

Only three decades ago, the arrogant modern 
nations used to look down upon the ancients rather 
Mil»eiciliously on account of their many irrational 
actions and ways of thought. How irrational were 
tlicse ancients, they argued, when the gods of one 
nation used to be regarded as devils by the ncigh- 
I'onring ones, while to the objective mind of 
!': • moderns, no distinction could be discerned be- 
tween the rival brands of divinity. How wrong was 
it for a certain people to regard itself as the chosen 
.god, while others, etiually accomplished in arts, 
cralts and literature were to be regarded as 
karharians I 

Blit the events of the last thirty years have 
''nowii that in this respect the moderns arc no better, 
b iring the last World War, which according to the 
^I' torious side was fought to make the world safe 

’ A lecture delivered by Prof. M. N. Saba at the Milanee 
Calcutta, on 16 November, 1940 . 


for democracy, each ?idc used to consider itself the 
sole* possessor of righteousness, and (lod Almighty 
was asked to help the Righteous Cause. vSo ponder- 
ous were the arguments brought forward, not only 
by politicians and churchmen, but sometimes even 
by scientific men, in favour of the i)articular brand 
of righteousness, that the All-TTighest must have 
found himself as uncomfortable as ii High Court 
judge pitched between two clever lawyers in an 
obscure case. When after the War, Clemenceau, the 
French ]>reniier, visited the Pyramids, he made some 
rather arrogant remarks about the vanity of ancient 
P'gyptian Pharaohs who built up an artificial moun- 
tain only to liouse their carcase I He was reminded by 
an Fgyi)tian paper the next day that probably two 
hundred years later, the Treaty of Versailles, of 
which Clemenceau was one of the authors, would he 
considered as a far ivorse monument of folly than the 
Pyramids. 

The gods of ancient times have, at the present 
time, given place to creeds of various designation — 
Nationalism, Imperi.alism, vSocialism, Marxism, Fas- 
cism aivfl Nazism — and wars are being fought over 
these rival creeds with as much ferocity and ruth- 
lessness as between any two barbaric nations of the 
past ! Who is to find out, in this perplexing plethora 
of “isms”, which is the right one ! The saying of 
the philosopher Hegel, that there is scarcely any 
human struggle between the absolute right and the 
absolute wrong, but the struggle is rather between 
two conflicting views of the right, is after all a 
counsel of despair ! 
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Hut though in iiuiltcrs of politics, sociology and 
economics, it has been hitherto found difficult, if 
not allogclher impossible, to define ‘right thinking*, 
it does not appear to be so in the intellectual field, 
particularly in subjects which do not excite human 
passion. Hut even this was not the case in medieval 
times, when the steps by which progress had Ix-en 
achieved were completely forgotten and, by the 
false teachings of religion and tradition, j)eople were 
rendered jisycliologically impotent to do any right 
thinking even in the intellectual field. All know- 
ledge which had been previously built by the patient 
labours of preceding generations, was supposed to be 
contained in scriptures and in certain book.s affiliated 
to the scriptural authority, and it was universally 
believed that these were revealed to some i>rophel 
or sage. Much of the information about material 
r)henomena was apparently absurd, but if anybody 
dared to express his opinion freely, he would be 
visited by excommunications and persecutions in this 
world and hell-fire of several brands in the next ! 

Some progressive human minds in Western 
Europe revolted against this mode of irrational 
thinking in the i5lh century, and approached Nature 
first hand -by observations, experimentation and 
rational inlerprctalion of facts. Tt is usual to ascril)e 
the emergence of ‘right thinking* in the intellectual 
field as a revival of the spirit of the Greeks, who, 
from 500 B. C. to the beginning of the Christian era 
were Ixild enough to diss<K'i;itc comidotcly the culti- 
vation of knowledge from the cult of gods.* There 
have l>ccn other periods of intellectual revival but 
tlic Renaissance is singled out because it is nearest 
to ns in time ; it covered \vide areas, continued for 
longer time and acected all fields of knowledge 
lutherto neglected or cnllivated as a secret lore 
by the priestly class, namely chemistry, i>hysics, 
astronomy, biology, medicine, geography, ancient 
history and geology. • 

The Renaissance spirit has w'orked now for over 
400 years in Europe in the intellectual and technical 
field leading not only to nndrcaint-of increase in 
human knowdedge but also to the birth of new crafts 
and arts which have entirely revolutionised the older 
modes of living. Though, originally it was to 

• Mf)(-UTii ro rli hi mwn that every people who 
have achieved a ce i.aiii ainoimt of greatness had .a ‘period 
of rationality’ when the .seeds of their future were .sown, 
c.g., the reign of the first few dvnasties of ancient Kgypt, 
tile period of Sumerian Citv States in the Near Kast and 
the peruxl following rpanishadic and Buddhistic thought 
jn India. * 


some extent shy of politics, sociology and religion, 
its innuence gradually came to undermine the estab 
lislied order in these fields. So great was the succe^^ 
achieved by the Renaissance type of human miiu: 
that the French in course of their great Revolution 
decided to discard their old religion and set up n 
Goddess of Reason, in itself another irrational ait. 
Right thinking has however not yet been extended m 
a marked degree to politics, stxiology and religion, 
and this has led to the greatest of human tragedies i.f 
the ])rescnt times, namely colonial exploitation of ilu* 
less fortunate ]>eople by the Europeans as also to Hit 
tragedies of the last and the present World War. 

Is it not possible to extend the .spirit of right 
thinking to subjects vital to the stability and progress 
of human society ? Unfortunately on account 
of the false teaching of history the present 
generation appears to be psychologically unfit to 
take a l>road view of these matters. But probably 
a i)hilosopher, a few' centuries hence, will find the 
present conflicts to be as irrational as their ancient 
prototypes. The last war was in effect one for the 
capture of i)rivileges by the most advanced naliims 
of the world but the present one is claimed to ho 
one between two rival ideologies. But if one surveys 
the different i)olitical doctrines, from the extreme 
form of imperialistic exploitation to extreme 
Marxism, it will be found that none is alxsolntely 
wicked or absolutely right. As a matter of fact, Rnssin 
starting from extreme Marxi.sm is finding that sonn 
features of the old order have to be adopted faci'd 
as she is with a capitalist world, whereas even 
the citadels of capitalism find it necessaiy tn 
introduce varying doses of government control of 
industry and commerce and of private properlv. 
The technique of government is tending to become 
similar in countries widely different in material pros- 
perity and historical tradition, and certain contro- 
versial doctrines which arc supposed to form the 
essential elements are not found to be so after 
the experience of a few decades. Both Nazism nnd 
Fascism arc based upon ideas of race superiority aiul 
prescription of a lower standard of life for iiifciior 
people. These doctrines arc largely sentimental ami 
may l)c discarded when political ambitions aiv 
satisfied. The great democracies of the world have 
apparently condemned ideas of race superiority, 
there is a vast difference between their profcssiotis 
and practices. For example, the great demoenu v of 
America has got within its borders 15 millions of 
coloured people whose only representatives io 
House of Representatives are a few janitors. 
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liritish Empire has been proclaimed to be more 
liberal than its Roman coiiiilerpart of ancient times, 
])[it it has still to pass a law like the edict of 
Caracalla which conferred Roman citizenship on all 
people within the Empire of Rome. So when we 
.lie given lectures on the advantages of democracy 
bv the so-called advanced nations of tlie world, it is 
|,ml)ably only meant for local consumption, and, for 
the less fortunate races, such slogans are simply 
misleading. History has shown us again and 
a,:;aiii however that those who are guided by false 
ideas of racial superiority have sooner or later 
suffered for it. 

In this country unfortunately tliere is no right 
lliinkiiig even in the field of knowledge, not to speak 
i)l‘ politics, sociology and economics. An objective 
mi 11(1 looking at the present welter of conflicting 
ideologies in India may justly compare the different 
[larties and communities to so many swarms of fish 
si niggling in a net, each pulling in a different 
(iiiectioii. For a short time there was a spirit of 
iiiiity due to a sense of collective injustice, but as 
.•<0011 as I he chance apiieared that some of this in- 
justice may disappear, the old prejudices and mental 
liMiriers which have been inherited from a false 
iLiu'hing of history start doing their nefarious 
business. There can be no escape from this state of 
affairs unless the problems are approached in a spirit 
of true and impartial enquiry. 

Some might argue that it is (luitc impossible to 
discuss matters involving politics, society and 
icligioii in an objective way. This has not been the 
experience of some of us who had the privilege of 
taking part in the dclil>erations of the National 
I’laiiniiig Committee. The members of this Com- 
mittee represented all shades of opinion — ^from 
capitalists to professed communists— industrial and 
a(\idemic men and prol:>ably there were as many 
i'lades of political opinion as the nnnilxir of members. 
Ill the pcnsonnel of the 29 sub-committees which 
Were formed for discussing particular subjects there 
\vere all kinds of divergent opinion and the subjects 
tlii‘nis(.dves, — industries, labour, control of currency 
mid hanking, industrial policy etc. — were such as 


usually excite the bitterest controversies. Yet it has 
been the experience of the members of the sul>- 
committccs and the National Planning Committee 
that when the problems in each of these subjects 
were i>roperly studied and analysed in an objective 
manlier, the solutions practically took the same 
shape ill eveiyliody’s mind, and it was possible to 
reach a very large measure of agreement even on 
the most debatable points. It therefore does not 
ap])ear impossible to apply the principle of right 
thinking even to political and eeemomic problems. 
Ihit the present generation of political leaders are to a 
great extent psycludogically unlit to a])i)roacli the 
problems in such an objective way. A new tyi)C of 
mind must be created for this puijiose. It however 
remains a moot (piestion whether, even when .scienti- 
fic solutions of political, economic and social prob- 
lems are obtained, they can be put into practice 
without a bitter struggle. 

A (iieek historian, Polybius, who spent a number 
(»f years in Rome as a hostage and had the privilege 
of making the acquaintance of the most 'eminent 
Roman .statesmen, asked him.sclf this (luestioii : Why 
in politics were the (ireeks utter failures, while the 
Romans, who were only tlieir pupils and had very 
little pretensions to originality, attained uiihiue suc- 
ce.ss? He cxmsidcred that the explanation lay in the 
judicious blending of mouarchical, aristocratic and 
deiiKXTatic elements in their constitution. In other 
words, the Greeks were guided by abstract reasoniug 
in framing their const i I u lion, while the Romans built 
up the fabric of their State by the experience gained 
in long and arduous struggles, choosing the better 
course in all their vici.ssitudes. The constitution was 
not a product of one man, but of many, and had 
been perfected not in a single lifetime but in the 
cxjur.se of several ages and generations. 

• If a proper political and economic constitution 
is to emerge out of the present chaos, it can only 
happen if the problems are approached in an objec- 
tive manner and if the real le.ssons of history are 
remembered and properly utilised iti the interest of 
the entire community. 
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Tiik British Bro.mk'ASTino Cori^oration 

Tnic next ini]R^rtaut cstahlishinent visited by the 
author was the British Broadcastiiii* Corporation. 
This is the l^i^^est broadcasting organization in the 
British I\inpire and is one of tlie largest in the world. 
The B. B. C. was fonndcTl in 1Q22 as a limited 
liability omcern and on ist Jaiuxary, 1027, became 
a laiblic corporation working for national interest. 
The whole organization is broadly divide<l into four 
main sections : Kngineering, Programmes, Public 
Relations, and Administration. 

The author was primarily interested in the 
engineering section which is sub-divided into seven 
departments — Overseas and luigineering Information, 
Maintenance, Station Design, Lines, Pkiuipnient, Civil 
Engineering and Research. The Over.scas and Kngi- 
necring Information department collects information 
alx>ut the reception of B.B.C. programmes at home 
and abroad and gives technical advice to listeners. 
The Maintenance department, as the name implies, is 
responsible for the proper maintenance of all the 
transmitters, studios, aerials and control room c(iuip- 
inents of the B. B. C. stations. 'Pile Station Design 
department is mainly concerned with the design aii<^ 
testing of Iransinitters and other relevant e(iuipmcnts. 
The Lines department is in charge of all the ordinary 
and “mu.sic” telephone lines rented by the B. B. C. 
from the British Post OlTice for broadcasting 
purposes. The Kquipment department is concerned 
with designing and con.structiiig all low frequency 
apparatus and switching equipments in control rooms. 
The Civil Engineers’ department looks after the plan- 
ning and maintenance of all the B. B. C. buildings 
and transmitting aerial masts. The Research depart- 
ment is responsible for the development of the 
technical equipments of the B. B. C. and works in 


co-operation with other Engineering departments niid 
with manufacturing companies. 

Through the Overseas and Engineering Inforiii;i- 
tion department the author had the opportunity dl 
studying the technical details of the following typii-al 
long- and medium-wave B. B. C. transmitters. 

(a) The National Tiansmitter at Droilicuh' 
This transmitter is tuning-fork controlled and the 
wavelength of radiation 1500 metres. The aerial 
system is of the T-type supported by two 700 fl. 
masts and the aerial power is 150 Kw. Series mudii- 
lation in the penultimate stage has been adopted m 
the transmitter. The penultimate stage thus consi>t^ 
of two distinct and sei)arate sections connected in 
.series, one audio frequency and the other radio 
frequency, each runni’^g with 10 Kv on the aiiudo^, 
the total H. T. supply being 20 Kv. The ainlio 
frequency section has got four 10 Kw. water-cooled 
valves connected in parallel and the radio fieijuciicy 
section four 15 Kw. water-cooled valves. 

The output stage is a balanced push-pull inodu' 
lated-high-frequency stage using six water-cooled 
valves each capable of a niaximuiii output of 50 Kw. 
Two of the valves, one on each side of the push- 
pull, are kept as spare. With two 50 Kw. valves on 
each side, therefore, the required output power of 
150 Kw. is obtainable without running the valves 
at their full load rating. 

A special ]>rccaution has been taken in the design 
of the transmitter for getting good fidelity. 
output of the final push-pull stage pjisscs through a 
"transducer*’ and thence to the transmission hues 
connecting the main station building to the Acr: d- 
transformer house. The transducer unit coiU 
specially designed h. f. circuits, the main fiuiciion 
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of which is to reduce the attenuation of the higher 
luidio frequency sidebands, thus enabling the long- 
wave transmitter to have a fairly iiniforin frequency 
i-esi)on.se up to about q Kc/sec. 

(6) The Regional Transmitter at Start Point : 
'I'liis transmitter has been opened in 1939 and has 
an aerial power of 100 Kw on 285 ’7 metres. In 
common with all recent B. B. C. transmitters, high- 
level “Class B“ modulation has been used. Further, 
negative feed-back has been applied U) the inwhilator 
system to reduce the total harmonic content. It may 
he remarked that with the general increase in power 
of transmitters, the cost of the power to run a station 
hecomes a major item in the oi)eratiug costs. The 
Class B high-level gives a good overall efliciency and 
is now being universally used by the B. B. C. 

The aerial system at Start Point is of particular 
interest and is of a type not before useil by the 
H. B. C. The location of this station is responsible 
ior this. vSea being to the south, the aerial system 
w:is designed to increase radiation to the Ivist and the 
West and to reduce it to the South. The aerials are 
in the form of two mast radiators /150 feet high and 
spaced 350 ft. apart (alxnit ^<A). One mast is 
excited directly and the other through a phase- 
i^liifling network adjusted to i)roduce the reciuired 
polar diagram, liach mast rests on porcelain insula- 
lois and is stayed by three groups of stays, each stay 
hciiig ill turn broken up by insulators. The aerials 
are fed by concentric feeder lines leading into two 
aerial coupling circuits which are contained in two 
Miiall buildings immediately next to the bases of the 
Jii.asls. The building nearer the transmitter Contains 
also the idiase-shifting network. 

(c) The Receiving and Frequency Checking 
Sldtiou at Tatsjield, Surrey : This station is attached 
h) the Overseas and luigineering Information 
'■‘‘partment. Here .some of the B. B. C.*s receiving 
Wink for relay of important foreign broadcast pro- 
^raiiiines is done. For important relays, however, 
die B. B. C. usually rely on the single-side-band 
receiving system of the British Post Office, which has 
been referred to in our last article. At Tatsfield, the 
heiiuencies of all B. B. C. transmitters are measured 
t'Mefully and any deviation is at once reported to 
di .• station concerned. 


6A for the mean working wavelength. It may lx; 
noted that reception at Tatsfield for relay purposes 
is mainly of broadcasts from U. S. A. As the angle 
of incidence of these downcoming .short waves varies 
within a certain limited range, the two rhombics are 
of two difTerent dimensions so designed as to cover, 
on the aveiage, the entire range, the optimum 
workings being at 18° and 22° respectively. These 
\ allies are cho.sen because the variation (if the angle 
lies between 16 and 24 degrees with the horizontal. 
The one designed for iS° sali.sfaclorily covers signals 
varying between 16° and 20° and the other between 
20® and 24°. 

The audio outputs of the two receivers are 
[>aralleled through volume control jioleiitiometers and 
ph.ase reversing keys. There are als(j controls by 
means of which the receivers may be used indepen- 
dently of one another, i.c., the output of only one 
may be fed to the line. 

The coupling of rhombic to the concentric 
feeder leading to receiver is also of special interest. 
The input impedance of a proiierly terminated 
rhombic is about 800 ohms. An 8oi)-ohin line is, 
however, sennewhat unmanageable. .V concentric 
feeder which has a special advantage because of its 
very low noise tiick up voltage is therefore used, 
though its impedance is considerably k‘SS than tlnit 
of the input impedance of the aerial. The system of 
coupling is shown in Fig. 3. 


CONCENTRIC 

, 75-0. 

(UNBALANCEI^ E 



RHOMBIC 

800 ^ 

(balanced) 


I'lG. 3 


It will be noticed that at any instant if A is 
positive with respect to B, C is also positive with 
respect to B because of the opi>osite senses of winding 
of the .sections AB and BC. The current through 
the coaxial load due to b(.>th the halves AB and CB 
of the coupling coil is in the same direction at any 
particular instant. 


The system of reception at Tatsfield is of the The Kmt>irc Station al Paventry : Towards the 

I diversity type using horizontal rhombic aerials. end of 1927 the B. B. C. inaugurated experiments 
1 "ually two rhombics are used in conjunction with on long distance short-wave broadcasting after the 
twi) receivers, the rhombics being separated by alxiul manner of the American and Dutch stations. It .soon 



Science and Culture 


Vol. VI, No. 6 


aiG 


became obvious that there was a fi;reat demand 
throu^^hoiit tile Ivmpire overseas for H. B. C. pro- 
grammes and on ig December, iQ.^2, a regular service 
to serve the whole British Ivmpire was started 
by the B, B. C. from two short-wave transmitters 
at Daveiilry. Various experiments have since been 
carrie<l out to improve and exj)an(l the service. The 
original aerial systems and the two transmitters with 
which the service started are no longer used and 
have been replaced by more efficient ones of latest 
design. Initially, the duration of service was lo 
hours a day ; now it is iS hours with a range of wave- 
length from 13 to 50 metres. There are now six 
1 periods of transmission which are .so arranged that 
each corresponds to an evening period (which is most 
convenient for listening) in some part of the Kmpire 
for which that i)articiilar transmission is intended, 
'['he wavelength and aerial system are changed to 
suit each particular transmission and, in general, 
four transmitters on different wavelengths radiate 
simultaneously during each Imipire transmission. 
This makes reception more reliable for, out of these 
four, there is always at least one which is l)est suited 
for recei>tion, either on account of its wavelength or 
due to the special disposition of the corrcvspouding 
aerial system. 

There are at present in service 8 transmitters, 
two having output of ro to 15 Kw., one 20 Kw., and 
the remaining five about 100 Kw. These last five, 
however, noimally operate at an output of about 
50 Kw. 

From the very early days of the Daventry station 
various exi^erimcnts have been carried out to deter- 
mine the best tyi)e of aerial system for a particular 
service. Obviously, omni-directional aerials involving 
unnecessary loss of energy in the undesired direc- 
tions should be avcndetl for Kmpire service. The 
transmissions from the aerials at Daventry are not, 
however, what may be called *‘beani^’ transmission,* 
because each tran.smission covers a horizontal sector 
subtending 36° at the aerial, the central “line** of 
which is directed towards the country to be served. 
The propagation conditions in the vertical plane are 
variable and the corresponding polar diagrams arc 
to be adjusted to suit the.se varying conditions. The 
variations in the ionosphere with the time of the day 
and the .season of the year necessitate adjustments 
of the angle of ra liation and the width of the main 
lobe in the vertical idane to suit the particular trans- 
mission. At the present imperfect state of our 
knowledge of the ionosphere, the design of these 


aerial systems is still more or less of an experimental 
nature. According to tests which have so far been 
carried out by the B. B. C., aerial systems with 
stacked horizontal dipoles seem to lx: better than 
vertical aerials. It has also been found that alxnil 
four horizontal elements in the vertical i)lanc ai\ 
sufficient for a good transmission. Further, for satis- 
factory results the best average height, above ground, 
of the bottom element has been found to be alnjiu 
one wavelength and the .separation between element'* 
J'jA. Nearly all the aerials are provided with reflec- 
tors — this not only increases the radiation in tlu 
forward direction but also greatly reduces any back 
coho at the distant receiver. The reflectors are all 
parasitically excited, the distance between radiator 
and reflector curtains being The designs of tlu 
radiator and reflector elements are identical and Iheit 
is provision for interchanging the two curtains so 
that the direction of radiation may be reversed. 

A few notes on the feeder lines and their match* 
irig as in use at Daventry may be of some inteicsl 
here. From various considerations balanced opeii- 
wire type feeders are almost universjdly used. 
Matching is mainly done in three stages: — h'ir.stly, 
the extreme end of the feeder line is stub-matclicd :it 
the array terminal (i)oints A, Fig. <1). The main liiu- 



is then matched at point B. After this, the wIk'Ic 
traiisinission line is checked and any niismalchiiig 
standing wave due to irregularity in the line 
remedied either by short lengths of lines or linc- 
matching condensers which consist of insulator loD 
(spacers), with corona rings or discs. The 
matching is done at the beginning of the line 
after the switching .system which connects any trans- 
mitter to the desired aerial. Here too, stub-match ing 
is aclopte<i ; as far as possible short-circuited vSlnb- 
matching is used because of its easy manipulation. 
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111 the latest transmitters the B. B. C. are using 
loiir-wire lines lietwecn transmitter anti the switch- 
ing system connecting the transmitter to the desired 
array. It may be noted that this portion (alxiut 75 
metres) of line has to carry currents of tliffereiit 
frequencies to suit the particular array used. But, 
as a matching (after switching system) made at one 
freciuency may not hold for other frequencies, there 
is i)ossibility of standing waves being formed in this 
liortion of the line with consetiueiit chance of flash- 

OVXT. 

The surge impedance of a four- wire line (tw«) 
ill parallel, with spacing in-between, as one wire of 
a twin line) varies with the si)acing between the two 
conductors of each line. Obviously as the spacing is 
decreased, the surge imjiedance gradually approaches 
the value for a twin wire line as shown in Fig. 5. 



Fig. 5 

•Vo. hard-drawn copper wires with 12'' spacing 
lielueeii any two consecutive conductors arc used by 
b. B. C. and such a line has surge impedance of 
alK)iii 320 ohms. 

The B. B. C. have lately adopted a difTerent 
^'stem of feeding high power arrays. The advaii- 
t:u>cs of the new system will he easily understood if 
compare Figs. 6(a) and 6(b). Tt may be recalled 
dint the standing waves on the interstack feeder 
B'ig. 6a) impose a limitation on the power that can 
used. Tn the new system (Fig. 6b) the power in 
interstack feeder is halved. Tt is obvious that if 
even number of dipoles is used in each vertical 
"t.u'k then the feeders are still balanced. For 
sample, if the end-imperlancc of a A./ 2 radiator is 
^'^aighly 2,000 ohms, then the impedance between 
and B (Fig. 6b) looking into the array is 2 ,o(X) 


ohms, there being 1,000 ohms load (two 2,000 ohms 
ill parallel) on each wire of the twin-wire feeder. This 
sy.stem of feeding, therefore, equally divides the total 
i lower in the two interstack feeders. Tt has the fur- 
ther advantage that the single bay of push-imll 



(a) 

1‘1G. 6 

dipoles can be slowed for rotating the directitin of the 
transmitted beam. This is not possible when a single 
bay is fed in the iiornial way by a single feeder. 

Filtration of hnrinonics. The B. B. C. take 
.special care to prevent the harmonics, generated by 
the high-efhcienc'y amplifiers, from reaching the 
ratliating system. The second harmonic is filtered 
out by means of A/4 ((fuarter wavelength on funda- 
mental) short-circuited lines. Such a line Ix^haves 
as an infinite reactance on fundamental but as a 
short-circuit on the second harmonic. The ideal 
jilace of such a filter would be directly at the trans- 
mitter output but as each B. B. C. transmitter is 
» required to operate on a number of spot wavelengths, 
the filter is located after the switching system con- 
necting a particular transmitter to the line leading 
to the desired array system. As a further precaution 
against second harmonics, the <lowncoming feeders 
from each vertical stack of push-] mil dipoles are 
anchored firmly to the ground by means of short- 
circuited A/4 lines, the short-circuited end being 
earthed. This arrangement not only acts as a second- 
harmonic filter, but also as an earth connection for 
lightning discharges. 

No .special iirecaution is taken for filtering out 
the third harmonic because the tuned coupling to the 
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feeder definitely discoiiia^^cs any third harmonic 
bein^’ present in the oiitjnit. 


SoMK vSpKClVI, KK.VniRKS OP DavKNTRY TR\NSMlTTKkS 

Of the five high power transmitters of recent 
design two have been supplied by the vStaiidard Tcle- 
pliones and Cables Limited and the other three liy 
the Marconi’s Wireless Telegrajdi Company f/imited. 

(/) The Standurd 'rransmitters : — These use 
Class-H high level modulation and the transmitters 
are designed for four spot freciuencies. The most 
interesting feature is the design of the final r.f. power 
amplifier in which, contrary to usual [practice, the 
grids ari‘ earthed and the filaments are at r.f. poten- 
tials. Such amplifiers are called “series-connected” 
or “inverted”. The schematic arrangement and the 
equivalent circuit (for only one valve of the push- 
pull) arc shown iu Figs. 7 (a) and (b). 



Cb) 


Etc. 7 


It will be observed that the earthed grid between 
the anode and filament eliminates or minimizes direct 
transference of energy, through the valve, lx*twecn 
the input and output circuits. Moreover, this earthed 
grid means inherent negative feed-back in the ampli- 
fier and, for .stability, balancing condensers are either 
not requued at all or they are of extremely low 
values. Leaving sTay capacity out of account, the 
anode-to-ano<le outi)ut circuit cai)acity due to the 
valves themst.'lves is eiiual to one half of the anode- 
grid capacity (Cag) of one valve. This is to be 


compared with double this value, i.e., equal to Cag, 
for the case of the classical neutralized amplifier. Con- 
setiueiitly this is a great advantage in high power 
short wave transmitter design because larger valves 
can be used before the limits imposed by excessiw 
inter-electrode capacity are reached. 

From the e(iuivalent circuit it is obvious that tin 
exciter (A) supplies power to the grid circuit (R,) 
as well as directly to the output load (RJ, since, s<» 
far as Ra is concerned, the e-xciter (A) and the C(iui- 
valeiit anode circuit e.m.f. (B) arc operating in seric- 
and in phase. Thus the exciter stage for an inverted 
amplifier has got to supply more power than for a 
normal amplifier. The extra power is, however, 
directly transferred to the output load and usefid 1 \ 
employed there. In many practical cases, it is verN 
advantageous to be able to draw power from tla 
exciter and use it to augment the power delivered 1 )\ 
the final stage. Such is the case when it is desired 
to obtain the highest possible output on short wave.s 
without i>aralleling output valves. Wlien litnilalion 
due to size of valve is reached, the inverted amidifici 
gives further incrca.se of output because of the power 
from the e.xciter. It may be remarked in this nni' 
nection that since the exciter and the final stagi.' 
supply power to the output load, both these sIhlu." 
are simultaneously modulated. 

The efficiency of this system, expressed as tlic 
ratio of the output power to input power to tin* 
anodes of the two stages is, of course, not great i r 
than the efficiency of a normal amplifier but in iirac- 
tice, for the same degree of stability, the inverted 
amplifier gives greater effective efficiency. In the 
normal case it is in general necessary to incorporate 
some damping resistance across the grids the 
amplifier valves. This resistance absorbs power from 
the exciter which, in the inverted system, would ])c 
transferred to the output load. 

The elimination of large anodc-to-grid balancimr 
condensers greatly reduces the tendency of parasitic 
oscillations. This advantage is of .special importance 
in the design of high power short wave transmittcis 
iHJcaiise as the size of the valves is increased ^^'id^ 
resulting increase of intcr-clectrode capacity, 
resonant frequency of balancing condenser ciremts 
becomes nearer and nearer to the operating frequence 
which makes selective damping of the parasites tnorc 
and more difficult — almost impracticable. 

The elimination of anode-to-grid balancing eon- 
densers is very advantageous in transmitters design 
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Operate on a number of si)ot fre(iuencics. The 
clMiige over from one frequency to another can then 
hr effected very quickly because the balancing con- 
tknsers do not require accurate adjustment for each 
fui]uency. In a practical inverted amplifier, how- 
cM-r, a certain adjustment which varies with fre- 
quency is neceSvSary, but the adjustment is not at all 
critical. This adjustment is due to the unavoidable 
inductance in the connections between grids and 
earth, due partly to the connections themselves and 
jiaitly to the grid leads inside the valves ; this induc- 
tance is, in effect, a coupling impedance lK*tween input 
ami output circuits giving undesirable reaction. To 
avoid this the inductance is neutralized by series 
Inning capacities, the values of which have obviously 
to he altered with frequency, though not very 
critically. 

>Sincc the filaments of inverted amplifier are at 
r.f. potentials, they are heated by A. C. supplied 
through special shielded transformers having low 
capacity between the secondary and the grounded 
shield t3etween the windings. 

(ii) The Marconi Transmitters : — Of the three 
Marconi transmitters, one incorporates Series modu- 
lation and the other two, which are the latest, Class 
11 all high level. The first one employs a method of 
iiKMlulation control which may lx* understood from 
the simplified scheme shown in Fig. 8, The filaments 


-f 



^tiUrc-tapped tuned-anode type and the modulator 
2 


valve is connected between the H.T. positive and the 
tap. This arrangement simidifics the design of the 
h.f. circuits but simultaneously introduces difficulties 
ill feeding the audio input and supplying grid bias 
for the modulator. A special sub-modulator system 
has therefore to be designed for this. The sub- 
modulator valve including a series anode resistance 
is arranged in shunt across the TT.T. supply and a 
tapping on this resistance is taken through a squegger 
resistance to the grid of the main modulator. The 
tapping is so adjusted that the modulator grid takes 
up the correct potential relative to its filament and 
anode. Such an arrangement would not give ioo% 
modulation owing to the fact that when the main 
modulator acquires its maximum positive grid swing, 
f.e., when the sub-modulator is ‘cut-off*, the voltage 
across the modulator cannot fall to zero. In conse- 
quence an additional bias voltage (actually a D. C. 
generator) has been used in series with the sub- 
modulator cathode and this enables 100% modula- 
tion to be obtained. 

Another feature of this type of modulation is 
that the circuit arrangement lends itself without 
much alteration to a “floating carrier** system by 
which the strength of the carrier is made to depend 
on the modulation depth. By this means a large 
amount of power can be saved during periods of weak 
modulation. Although the designers have made pro- 
vision for this floating carrier the B. B. C. do not 
use this method of carrier control because in such 
a case, receivers fitted with A. V. C. would give 
greater noise during silent periods and periods of 
low modulation. 

Research Department : — The Research Depart- 
ment of the B. B. C. is located at Nightingale Square, 
a suburb of London. This department is entrusted 
with the experimental development of the trans- 
mUters, aerials, studios and other equipments used 
by the B. B. C. It deals with all the technical pro- 
blems and difficulties of the B. B. C. and acts in 
close co-operation with other engineering departments 
and various manufacturing concerns. 

Of the problems which were being handled 
during the author’s visit, special mention may be 
made of the development of a new type of high- 
efficiency system for broadcast work. The earliest 
of the so-called high-efficiency system is the out- 
phasing-modulation system of Chireix (1935). The 
next one was the high-efficiency power amplifier for 
modulated waves due to Doherty (1936). Terman 
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also developed a high-efficiency grid-modulated ampli- 
fier (i93^)- Very recently (tq3q) Vance has also 
developed a high-efficiency modulating system. 

At the time of the author’s visit the B. B. C. 
Research Department was busy developing and im- 
/jroving upon the Kortescue method of amplification 
of modulated h.f. which should also have high effi- 
ciency when the unmodulated carrier alone is present. 
In previous systems of this type the practice had 
lieen to use two amplifier valves in the output and 
to feed each valve with inimt power modulated to 
a wave form identical with the modulated envelope 
required at the load. One valve, however, is biassed 
l^yond cut-off so that it only comes into oi)eration 
when the input enveloi)e exceeds the carrier value. 

The B. B. C. are using a pair of amplifiers con- 
nected to a load and impedance inverting network in 
tlic form of a niutual inductance. Neither amplifier, 
however, has abnormal bias and both have input 

A. C. envelopes in which the modulation depths 

differ from that re<iuired at the load. In the special 
case, actually used by the B. B. C., the input to one 
is pure carrier and that to the other contains the 
side bands together with some modulated wave. By 
suitable adjustments the system works very satisfac- 
torily ; the distortion nieasured at ioo% modtilation 
is only about Regarding efficiency it may be 

noted that the first output vah'e dealing with carrier 
only, operates at an efficiency of about 75%. The 
second valve is run as a linear (with respect to the 
h.f. envelope) amplifier and lakes practically no cur- 
rent in the carrier state. The overall efficiency of 
the pair is thus alwut jo'-f, and is iiractically the 
same as that of an amplifier for unmodulated carrier. 

The Research Department is also developing a 
new type of anti-fading aerial system. Nonnally half- 
wave radiators are used for this purpose but coitsi- 
dering broadcasting on medium waves, it is very 
costly to erect such masts. The most important 
factor which the B. B. C. have to consider is that in 
the vicinity of a big city like London, the Air 
Ministry would not allow the erection of such high 
masts because of danger to Air navigation. In 1938 
Hansen and his associates in America showed analy- 
tically that an aerial system consisting of a ring of 
vertical radiating elements would radiate mostly 
along the ground and that these elements need not 
be very high. In 1939 they further showed that a 
.single ring is better than a multiple ring. The 

B. B. C. are carrying on experiments, for the first 


''^^1'. VI, 'Ko. r, 

time in England, with the object of using such m 
aerial system at their I^ondon Transmitter at Brock- 
man’s Park. 

The Research Department is also making varir)Ms 
exi)crimcnts in connection with studio design. \\ 
is needless to emphasize that the quality of a broad- 
cast programme depends to a very great extent ui>f)n 
the acoustic properties of the studio. It may he 
mentioned that even after long practical experience 
of many years the B. B. C. have not yet l>een able 
to come to any definite specification or formula re- 
garding the proper treatment of .studios. ITsu.illy 
they distingui.sh between four types of studios— talk, 
production, orchCvStral music and dance music. The 
average si/x* of their talk studio is 10' 

(height) and the revcrl)eration time is about 0.3 to 
o./| second which, for good performance, should In- 
practically constant over the audio range, i.c., from 
50 to 8,000 cycles/ sec. It is desirable to have the 
time rather decreasing with decrease of frequency in 
this range. The reverberation time for a production 
studio of 30,000 to 100,000 c.fl. should be about i sec. 
This studio is usually divided into two coinparlinent^ 
re.suUing in an acoustic coupled circuit. For orches- 
tral music studio of size 10,000 c.ft. the reverbera- 
tion time should be about o.g second and for 100, 
c.ft. alxint 1.7 second. In this case an increase (»1‘ 
reverlKjration time with decrease of frequency he- 
twecii 100 cycles and 50 cycles is sometimes desii- 
able. For dance music the average size is 3o,onr) c ft. 
and reverberation time alx)ut 0.7 seconds. Sruiie dis- 
tinction is also made between the ceiling and the 
unlls of a rtK)m for their acoustic ireatnicnl. 
The ceiling is covered with intermittent patches 
of Rock wcx)l with a total surface area of nlioul 
one-fourth of the ceiling. For the walls, about one- 
Ihird of tile height just above the floor is covered 
with w^ood panels ; one-sixth just Ik*1ow the cciliim 
is covered with Rock wool and the remaining inter- 
mediate portion is covered alternately with patches 
of Rock wool and Newtonite. Celotcx is not nsnnlly 
employed because- it absorbs moisture and soon loses 
much of its sound absorbing proi^erty. Rock wool 
is not much affected by moisture. 


Tiir Standard Telephones and Cables, Lnuriu) 

The last important establishment visited h\’ the 
author was that of Standard Telephones and Cables. 
Limited, at New Southgate, London. The Stan.lar s 
are one of the biggest manufictxirers of \\HcIe.ss 
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transmitters of all varieties, special receivers, and tele-^ a number of times and the stability on 7^ metres was 
jihotie equipments. confirmed. 


Yhe main laboratories of this coinjiany in 
iMiulahd are at Woolwych and New Southj>ate, l>oth 
suliurbs of lyondoTi. The Woolwych lalxiratorics are 
iiKiiiily concerned with the design , development ami 
11 iMimfacture of Valves and lo\v-fre<iucncy and tclc- 
idione efiiiipfneiits. The radio laboratories are cen- 
tralized at New vSouthfjate under direct control of 
ilk- chief engineer ^Ir. C. K. Strong. The author 
Ix-ing primarily interested in the design and testing 
uf broadcast transmitters, conc^jntrated bis work in 
tlk-se lalwratories. The actjv’ities of llie. Transmitter 
stctioii of the Development Depal'tifteiit arc sub- 
(livi(le<l into four divisions— high power, mediuin 
power, low power and aircraft.. Each division con- 
tains woricers specialized in the job and there is close 
co-operation between the different divisions. 


It will not be possible to describe hero the acti- 
vities of the different sections but a brief analysis of 
some work with high power tetrodes, which the 
aiitlior closely followed, may be df interest. The 
iiiwstigations were carried out in connection with 
the (levelopnieiil of the penultimate stage for a 150 
Kw . shortwave, broadcast transmitter (11. H. C. order). 
The final stage was intended to work on the inverted 
Iirinciple atid it was estimated that abolit 20 K.w. 
would be required out of this penultimate stage. This 
sta,y,e was therefore designed to work with four VLS 
41, > (Standard) tetrodes in parallel-push-pull (Max. 
anode dissn. 15 Kw., Sc. grid dissii. 800 watts, 
Max. anode voltage 11 Kv., /a — 300, g = 5 mA/v, 
Vi - 21V, Tr — 70A, Total emission loA.). 


The ciraiit scheme was normal. The exciter 
oiitimt (72 metres, crystal controlled) was led in by 
nitans of a concentric feeder and was magnetically 
ronplcd to the grid circuit. This VNas first timed 
with ordinary condenser but it was found that the 
.uiid feeds were unbalanced. The grid tuning con- 
denser was then changed into the split-stator type 
and the unbalance was practically removed. The 
was inductively coupled to tlie anode tank cir- 
and consisted of a line with lieavy dissipation 
and terminated in a bank of lamps. With the cx- 
oiier .“on'*, the anode and line circuits were next 


huiL-il in the. * f cold’* state, without any II.T 
hiiKilly^ with the. different circuits- properly Utturtl, tin 
drive was cutToff and H.T.. applied. By swingiuj 
dn mode circuit through, resonance it was found, tha 
A* system • was quite, statple. The teste ■ were repeatei 


Stability and modulation tests on 55 metres: — 
The wavelength of ojicration was then changed 
b> 55 metres. The amplifier seemed stalde but on 
very careful tuning ihrougbont the range of grid 
and piate tuning condensers, the loA. H.T. fuse 
blew off. The violence indicated parasitic oscillation 
and was completely eliminated by using 50 ohms 
resistance in place of the h.f. choke in the II.T. lead. 
The amplifier was next “driven” and from the input 
and output figures, the anode efficiency came out to 
lie rather high (75.6%) and overall efficiency 70 7o- It 
was vsuspecteil that the assumed line iiniieclance (365 
ohms) was n<jt correct, and it became therefore neces- 
sary to measure the peak volts across the line to get 
a better estimate uf the output. The line being of 
the balanced two-wire type, two peak voltmeters in 
series were used across the line. One voltmeter 
gave 1.47 Kv. and the otlier 1.35 Kv. The total peak 
voltage across the line was thus 2.8 Kv. The line 
current was b.4 A in one arm and 7.2 A in the .other, 
giving an average of 6.8 A. This gave the actual 
output as 13.6 Kw. and a line impedance of 300 ohms 
roughly. 

The H.T. used was q Kv. and it was .suspected 
that the system may not l)e stable at higher voltages 
during modulation because the exciter for an inverted 
amplifier has also to be modulated simultaneously 
with the output stage. To clieck this, mo<.lulatioii 
tests were made and the di.stortion produced w'as also 
measured. The distortion at 75V0 modulation indi- 
cated the stability during modulation. The amplifier 
valves being tetrodes higher percentages of modula- 
tion could not be secured easily by modulating the 
anodes only. 

Stability tests on ji> metres : — The grid, anode 
and line circuits were next adjusted for 30 metres. 
Self oscillations occurred with four valves and an 
output of 20 Kw. was obtained. Two valves were 
taken out and the circuits tuned again — self oscilla- 
tion still ])crsisled. Two 2001.) ohms resistances were 
next connected in series ])etween grid-to-grid to pro- 
vide grid dami>ing and tlie system was found to be 
stable with two valves. It is important to note that 
for stability tests under actual working conditions 
some resistance between grid-to-grid must l)e used 
liecause, when driven properly, the' grids consume 
power from the grid tuued circuit and provide the 
da4U])ing. When testing stability without drive, this 
damping should be provided -by some extra resistance. 
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It was anticipated that when the valves will be 
“driven*’, the amplifier should be stable without the 
extra damping resistance. Actual tests proved the 
validity of the anticipation. Calculations and 
measurements showed that the total power consumed 
from the grid tuned circuit was 500 watts ; the grid- 
to-grid peak voltage was 1800 volts, giving effective 
grid damping of 3,240 ohms. This compares favour- 
ably with the grid damping resistance 2000 + 2000 
ohms during stability test. 

From two valves an output of only 12.8 Kw. 
was obtained on 30 metres. This being far below 
the requirement (20 Kw.), stability tests with four 
valves w^ere therefore continued. 

Stability with negative feed back : — The scheme 
shown in Fig. 9 was adopted. It is obvious that the 



oscillatory current flowing via the anode-screen grid 
capacity through R would introduce the necessary 
negative feed back. The R’s were of course non- 
inductive “Givrite” carbon rod resistances. On 30 
metres it was found that a value of 4 ohms for R was 
.sufficient for stabilising four valves. On closer ins- 
pection, however, it was found that this type of feed- 
back would necessitate a tremendous loss of energy. 
The anode-screen grid cai)acity of the valve being 
about 30 ///xf , it was easily calculated that at 30 metres 
the loss (H.T. being 9 Kv.) would be about 5 Kw. 
The idea of such a system of feed-back was therefore 
given up. 

Various values of feed-back resistances up to 
400 ohms between centre-to-centre of filaments were 
next tried. The circuit used for this purpose is 
really interesting (Fig. 10). The quarter- wave line 
for filament heating insulates the filaments from h.f. 
leakage. This was tested by means of a neon lamp 
whose glow was maximum near the filament end of 


the line and zero at the ‘shorted” end of the \/.\ 
line. 


There was, however, no sign of any definite i.n- 
provement. It was then realized that the major p(,[. 
lion of the inter-electrode h.f. current from the anodf 
tank circuit flowed via the anode-screen grid capacity 
and therefore very little in the cathode circuit. Tliis 
was why the filament-to-filament feed-back resistance 
produced no effect. 



The Inverted Amplifier: — All normal straight- 
forward means for stabilising having failed it vNas 
next decided to try “Inversion”. In this the grid 
is tied to ground and the filament is at r.f. ix)tcii' 
tial. The filament heating current was supplied via 
the quarter- w^ave network as described above ami the 
input rearranged according to the new requireiiieiits. 
The system was found quite stable on fuiidaiiiciital 
but there was very strong parasitic oscillation vvhicli 
latter was easily suppressed by introducing further 
damping resistance across grid “leads”. 


Further tests on the Inverted amplifier were dis- 
continued specially because this stage was intended 
to drive a 200 Kw. stage which latter would be 
inverted. As it is very much complicated to manage 
two consecutive inverted stages it was decided to 
make further attempts for securing stability under 
normal amplifier conditions. 


Neutralizing Power Tetrodes: — ^The difficulty in 
neutralizing tetrodes will be appreciated if we bear 
in mind the fact that in the usual bridge type of 
neutralization of a push-pull amplifier, the valuo of 
each neutralizing condenser is the same as that of 
the anode-control grid capacity. In the case ot 
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tetrodes this capacity is extremely small, (0.6 fifif in 
the present casc)i and it needs no emphasis that in 
high power circuits where components of large size 
are used, the reactance of the leads makes it extremely 
difficult, if not impossible, to adjust neutralizing con- 
densers of such small values. Neutralization was 
carefully tried, bearing all these points in view, but 
oscillations could not be controlled in any way. 

It is unfortunate to record that the present 
European War broke out at this stage and further 
work in this line had to be discontinued. 


lONOSPIIKRlC RkSEARCH IN EnGI^AND 

The ionized regions of the upper atmosphere 
which are resixmsible for guiding radio waves over 
long distances are collectively known as the lonos- 
|)here. It has now been established that the ionos- 
phere has several layers of maximum ionization ; 
recently the existence of definite ionized layers in 
I he lower atmosphere has been proved by observa- 
tions made at Calcutta and has been verified by other 
^vorkers abroad. 

The study of the ionosphere is of very great ini- 
I)ortance both from the practical as also from the 
theoretical point of view. The tendency in recent 
years has been to use short waves for long distance 
coinmuiiication because of their many advantages. 
The propagation of the short waves being dependent 
on conditions of the ionosphere, it is obvious that a 
knowledge of the nature and the variations of this 
connecting link between transmitter and receiver is 
extremely important to the practical radio engineer, 
'riie choice, for instance, of the optimum wavelength 
of transmission between any two places depends on 
ionospheric conditions, with the time of the day and 
the season of the year. A detailed study of these and 
various other associated subjects is thus very neces- 
sary for maintenance and development of radio com- 
munication systems between widely separated 
countries. 

Further, the source of ionization in the upper 
atmosphere, the causes of its temporal and other 
erratic variations are of profound scientific interest 
and have attracted the attention of investigators of 
various countries. Work in this line in India was 
started first in Calcutta in 1930 and is now being 
f^^arried on at some other Universities and Institu- 
tions also. 


The principal centres of ionospheric investiga- 
tions in England are the National Physical Labora- 
tory, the Marconi Research Department, Cavendish 
Laboratory and Imperial College of Science and 
Technology. The British Post Office and the B. B. C. 
also take great interest in these works but do not 
carry out directly any researches. They utilise, so 
far as the development of their communication sys- 
tems is concerned, the results of observations made 
by other establishments. 

The National Physical Laboratory maintains a 
Radio Research Station at Slough, about 20 miles 
from London. Dr. R. L. Smith Rose is the Superin- 
tendent of the Radio Division of the National Physical 
Lal)oratory which includes the Slough Station. The 
locality being rural and the Station having large 
open fields, it is eminently suitable for field work. 
Amongst the ionospheric works carried on here 
mention may be made of the following : — 

(i) Automatic recording o] the variation oj equL 
valent height. A system of automatically recording 
the variation of equivalent height (P') of the iono- 
spheric layer (or layers) with time or with the 
frequency of the exploring radio waves has been 
developed. The tuning arrangements at the trans- 
mitter and receiver are electrically linked in such a 
way that the oscillator frequency of the superhetero- 
dyne receiver is automatically maintained at the 
correct level above the transmitter frequency through- 
out the tuning range. Routine observations of these 
so-called (P'-t) and (P'-f) curves are made daily with 
vertically incident waves. Vertical rhombic aerials 
are being used both for transmission and reception, 
the peak output of the transmitter being about 
0 5 Kw. 

(«) Direction finding on short waves. Some time 
ago a longer-short wave (30 to 70 ni.) direction 
finding equir)nient, using .spaced aerials of the 
Adcock type, was developed at the station. Very 
recently special short wave (down to about 5 metres) 
super-heterodyne receivers have l:)een developed 
which permit of very careful matching. A cathode 
ray oscillograph (high vacuum type) is used as the 
visual and direct indicator. The system can also be 
used for aural reception. 

(m) Polarization of radio waves. A cathode ray 
comparator was first developed for this purpose. 
Recently the equipment has been modified for study- 
ing the polarization of short-duration pulses of radio 
waves. 
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(iv) Measurement of thc' angle of incidence of 
downcoming leaves. In designing short wave 
antenna systems for long distance transmission it is 
extremely im|)Oitant to know this angle. The 
cathode ray comparator is very suitable for this 
work and is lx:ing so used at Slough in conjunction 
with two horizontal aerials spaced a known distance 
apart. 

(v) Development of a new iimc~base circuit. In 
many ionospheric investigations a high si)eed of the 
cathode ray spot on the screen is desirable for greater 
resolution. For this imrpose a novel time base 
circuit is being developed at Slough. The time base 
period remains 1/50 second, which is convenient for 
the purpose of synchronization with the A.C: mains 
fre(iuency, but during this i)eriod the motion of the 
spot is made discontinuous and may be said to consist 
of three i^arts. The spot moves very rapidly from 
the beginniug to the end of the sweep, remains steady 
for some time and then sweeps back to its initial 
position. The time for the first part of the motion 
may lx? controlled and made a small fraction of the 
total period to obtain greater resolution. 

The Marconi Research Department also mauj- 
tains a section for ionospheric research under the 
guidance of Mr T. L,. Kckersley, F.R.S. The 
maiutenance of such a section by a purely commer- 
cial organization is in itself a proof of the great 
I»ractical importance of such investigations. The 
Kesearcli Department was shifted early in 19.39 from 
Chelmsford to Baddow, a few miles west of Chelms- 
ford. The site at Baddow is also clear and level and 
the open fields are most favoiiralde for ionospheric 
field work. The pulse transmitter for these investi- 
gations is still at the Marconi Works at Chelmsford. 
The Dei)artment also maintains a Receiving station 
at Broomfield about a mile to the east of Chelmsford. 

At Broomfield regular routine observations of 
(P'-f) curves are taken. The wavelength of the trans- 
mitter at Chelmsford is controlled from Broomfield 
by means of special telephone lines reserved for this 
purpose. About lo minutes are required for a com- 
plete (P'-f) curve for the Region F and usually three 
observers arc required at the receiver and one at . the 
transmitter. 

.. Investigations 011 the scattering . of W'irelcss 
waves in tlie ionosihere are also carried on. partly at. 
Broomfield.- These are dpne mainly with special 
higb-ix)wer. (40 Kw) pulse transmissions from the 
Marconi Beam Station at Ongar, 12 miles ,fr.Q?n 


Broomfield. Observations are also made with omni- 
transini.ssk>ns (16 Kw.) from another transmitter at 
Ongar. 

The woik at Broomfield consists chiefly of 
studying the rotardalioii and general nature of the 
scattered radiation w'ith a cathode ray oscillograpli 
Uvsing the normal jnil.se. technique. Observations an 
made with frcfiuciicies both above and below tlk 
critical penetration frecjuency for normal reflection ol 
radio, waves from the Region F. The cathode ra> 
equipment at Broomfield wdiich has been lately 
dcveloi>ed incorporates a time-base of the type being 
developed at Slough and descrilxid above. TIk 
mode of operation is, however, entirely different. .\i 
Slough the si>ot movements are controlled by electro- 
static forces, while at Broomfield this is done 1)\ 
magnetic fortes with the help of a i)air of coils. 

The pul.se transmitter at Chelmsford consists ol 
a i)usli-pull balanced oscillator with series modula- 
tion. The ladiating system is comi>osc(l of four 
vertical rhombic aerials fed in phase. The termina- 
tion of each rhombic (r,ooo ohms) is shunted lu' a 
coil of suitable magnitude, whereby on long waves 
the rhombic is equivalent to an ordinary loop' aerial. 
On short waves, however, the im[)edance of this coil 
is. large and the termination makes it a real rhornbie. 

The main ionospheric investigations carried on 
at Baddow are : — 

(0 Polarization of doiencoming leaves. A i>aii 
of loop aerials fixed at right angles to each other 
and rotatable round a comnioii vertical suppoit are 
connected by slip rings to the field coils of a radio- 
goniometer. Each lor)]^ is detuned from resonance, 
one 45° forward and the other 45° liackward. By 
rotating the loops so that their planes are along the 
axes of the polarization ellipse (as projected on tin 
surface of the earth) and by setting the search coil 
at an angle whose tangent is the ratio of these axch, 
a zero can l)c found. By using the pulse metho<] 
the ordinary and extraordinary components may Ik* 
separated and each studied separately. 

Some very interesting experiments arc lK*in.u 
made for’ detefitiifliiigf tHc limiting polarization <>) 
mecBtun Waves reflected ’from the' Region E. the main 
object bein^’’ to decide wheth'er the polarization term 
in the niagneto-ibnic fofmiita should be retained f - 

mt. '••• ■■ • 

Diuctip^. finding by,.tnean,s of ^pa£ed jnii>.^ 
aerials. Two aperiodic frames are located ^q.metrt*-^ 
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apart and ^re f6d by twin-wire screened cables to a 
central unit in the receivinj^ hut. The relative input 
pliase.s of the signals from the two frames can lie 
changed and measured and the relative input ampli- 
tudes can also be altered so as to balance the inputs 
lo the two matched receivers. The outputs from 
these arc, as usual, applied to the deflecting plates 
of a cathode ray oscillograph. The phase and ampli- 
tude adjustments necessary in the central unit to get 
:i linear 45° trace on the oscillograph screen, gives 
the relative phase and amplitude of the signals 
induced in the. two frames. 

The spaced frames are also used to nieasure the 
angle of incliiiation of dowiicoming waves from the 
ionosphere. 

(lit) Diretlion Jinditiff hy spactui vcrlical aerials 
oj the Adco(k type. The operation is juactically 
the sai;ie as that used, at Slough. Incidentally it 
may be mentioned that the .spaced frame aerial type 
of direction finder has been found to give lietter 
results. 

(iv) Scattering of radio 'leaves. A long series of 
evperiments is l)eing carried on for the last few 
years 011 this subject. The direction, ai)pafent 
eiiuivaleiit heights of reflection, ])olari'/ation and such 
other characteristics of the scattered radiation have 
I 'cell studied thoroughly with both directional and 
onnii-transmitters. It has been definitely proved 
that the .scattering always occurs in Region K. In 
the case of lieaiii transmission there are two definite 
scattering centres, 'fhesc are located where the 
1 earn strikes Region E, first when going up pene- 
trating this region and secondly when coming down 
(after being reflected from Region F). 

tonosphenc Work at Cam bridge iiJ Ixjing 
carri(Jd on at the Cavendish Field Laboratory by 
Mr. Ratcliffe' and his co- workers. Patl of the equip- 
ments, specially the transmitters, is locatetl ’in the 
.i^^iontids of the Solar Physics Observatory and i>art 
in the neighbouring grounds of the old Rifle Range. 

1 he researches received a strong impetus when 
hrof. Appleton was appointed Jacksf^nian Profes.sor 
‘'i Natural Philosophy at Cambridge University in 
I') ^6. Early in however, Prof. Appleton had 

to leave Cambridge on his being appointed Secretary 
t'> the Committee of the Privy Council for Scientific 
“1 Fiidustrial Research. 

A series of imiiortant experimental works on 
t - c polarization of radio waves returned from the 
biosphere and on the reflection coefficients of 
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ionospheric, regions have l)een carried out at 
Cambridge. Several interesting devcloiancnts in the 
technique of such measurements have also l3eeu 
made. 

During the author*s visit some regular observa- 
tions on long wave propagation through the iono- 
sphere were being carrie<l on. Already a number of 
interesting results have been obtained regarding the 
reflection height, l)olarization and intensities of the 
downcoming waves and their changes due to 
magnetic storms, sunspots, aurorae and such other 
disturbing causes of the ionosphere. 

Recently some experiments are being carried on 
to measure the velocity of wireless waves over the 
earth’.s surface. The underlying principle is an 
adaptation of the pulse techniijiie for ionospheric 
investigations. A pair of pulse transmitters and 
receivers are set up at some distance from each other. 
The pulses sent out from one transmitter are received 
at the second station which is thereby made to 
radiate pulses instantaneously. The time, interval 
between pulse emission at the first .station and the 
recepliem of the back pulse from the second is 
niea.sured on a cathode ray oscillograph and the 
velocity of the waves calculated therefrom. It may 
be noted in this connection that the Cambridge 
measurements give, for the waves travelling along 
the ground, a velocity equal to that of light, whereas 
similar measurements previously made in U.S.A. 
gave velocities sometimes as low as half that of light. 

At Cambridge an apparatus, called the Electric 
Differentiator, has been developed with which the 
order of accuracy of height measurement is claimed 
to o ' 5 Km. . This a])paratus has been used to 

study the variation of eipiivalent height of Region E 
with solar altitude. The same, apparatus is being 
utilized .ft)r detecting the presence, if any, of atmos- 
pheric oscillations in . Region b' due to lunar tides. 
Some important results have l>een obtaineil and the 
observations are being continue<l. 

The pulse transmitters at Cambridge are grid 
modulated in c<.)ntrast with the series modulation 
system at vSlough and Chelmsford. The transmitting 
aerial is, however, of the vertical rhombic type as 
is used at Slough and Chelmsford. 

At the Imperial College of Science arCd Techno^ 
logy, London, various theoretical investigations 
connected with the ionosphere are Ixiing carried on 
by Prof. S. Chapman and his co-vvorkers. It may 
]yQ recalled that the first theory of the nature of 
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formation of an ionized layer in the upper atmosphere 
hy absorption of monochromatic solar radiation was 
f*:iven by Chapman. Very recently he has remodelled 
this theory on the basis of band al)Sorption. Prob- 
lems of upper atmospheric oscill.ations, of variations 
of upper atmospheric ionization due to sunspots and 
due to charged and uncharged particles emanating 
from the sun and their correlation with terrestrial 
juagnetic variations arc also being investigated in 
great detail. At the time of the author’s visit 
Prof. Chapman was engaged in completing his book 
on ‘(ieomaji^nciism*. 

CONCMI.SION 

It is futile to comi)are the conditions regarding 
teaching, research and industrial development of 
radio in this country with those of a highly industria- 
lized and wealthy country like Knglatid. Neverthe- 
less it is the opinion of the author that oven in the 
existing cx)nditions in this country, a great deal of 
improvement can be made with a little more of effort 
and determination. Much advance in research is pos- 
sible if there be co-operation between the universities 
on the one hand and (he Government departments 
on the other. With more financial help from 
the Government and the university, the teaching of 
Radio could be remodelled for imparting to the 
.students a thorough knowledge of its theory and 
practice. There is, of course, the difficulty in the 
absence of industries, to provide, at present, for that 
special type of training which only a close co-opera- 
tion between the industries on the one hand and 
the leaching institutions on the other can afford. 
Nevertheless, we would only be moving in a vicious 
circle if we allow ourselves to be deterred by 
this difficulty. On the contrary, improvement and 
advancement in teaching and research will have a 
stimulating effect on the radio industry which is 
lx)und to develop with the industrialization of the 


country in the wake of the war. Men and money 
,are of course needed for the purpose. But in the 
opinion of the author any increased expenditure on 
this head will be amply repaid because our trained 
students will render indispensable help to the 
growing indii.slries. 

In conclusion the author would like to draw 
the attention of the readers to some of the important 
features of the teaching institutions as also of the 
manufacturing concerns which impressed him most. 

In the teaching institutions, the most important 
thing which he observed was the close association 
which the institutions maintained with the manu- 
facturing organizations. He further found that great 
importance was attached to fre(iuent meetings of the 
senior students and the staff for discussions of 
various topics. The research organizations receive 
hell) from the industries through the Board of 
Scientific and Industrial Research. These organiza- 
tions are invariably run by a highly specialised staff. 
When a particular problem is to be tackled, the 
principal research worker plans the mode of attack 
and distributes the various aspects of the problem 
to the respective specialists. The result is that no 
time is wasted over subsidiary investigations. The 
data are c]uickly collected and the work is speedily 
brought to a successful conclusion. In the indus- 
tries also there is intense specialisation and this, in 
the opinion of the author, is one of the principal 
factors for the maintenance of the high quality of 
British products. 

The author would finally like to take the 
opportunity of thanking all those who gave him 
facilities for his studies. It would have been 
impossible for him to visit and stay at so many places 
within the short time at his disposal but for the kind 
and courteous help which was accorded to him 
everywhere. 
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■J.V my article on Water-hyacinth pnhlishcd in the 
Bengal Weekly of the 13th March, 1039, I dealt 
luiefly with the life-history of this powerful plant- 
l>Lst. Attempts were made and are beinj:*: continued 
with zeal to remove this pest by manual labour and 
iiiLchaiiical means. The methods were first advocated 
liy my revered teacher, the late Prof. P. Hriilil about 
2n years ago, after having carried out prolonged 
I xperinieiits on this plant and on the different 
cliiiiiicals supposed to be capable f)f killing the plant. 
I'ollowiiig Profes.sor Briihl, ririffith, Parija and 
Olliers carried on investigations. The present author 
MS a result of his studies has arrived at the same 
omclusion as that of Bruhl in regard to the 
met hod of eradicating this pest. In his several 
Milieles he has emphasised the adopting of mechanised 
imtliods and more organised labour to fight success- 
I'lilly for the total extermination of this plant. This 
^'iiemy of ours belonging to the plant kingdom in- 
\ ailed Pcngal first, and by its rapid vegetative growth 
^I'lvad like wild fire all over the water exi)anses of 
lliis and the adjacent provinces during the last cpiarter 
"1 .1 century. 'Phe eradication of the pest has thus 
I renme a comfdicated problem and a gigantic task 
•111(1 it is bafiling the attempts of the scientists, the 
SImU- authorities and the public at large for a fairly 
'< ng time. 

It is indeed gratifying that during the last water- 
Ii'Mcinth campaign by the Bengal riovernment sufli- 
‘ l ilt public interest has l)een aroused in the matter «)f 
^ Mdieation of this pest. The cultivators have realised 
die gival economic loss this i)est is causing by 
' iii'ioaeliing on their rice-fields and waU-rways. 
'i' Mli r-hyacinth is now interfering with the progress 
irrigation, cultivation, public health, sanitation, 
I'isciculture and water supply in the villages, parti- 
inlnrlv in the eastern and lower parts of Bengal, 
b is exjx^cted that by more efficient organ i.sation and 
'dll the help of suitable machinery an unceasing war 
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will be carried on against this pest, i>articularly in the 
affected villages from the beginning of the autumn to 
the end of the hot season year after year. This task 
will re(|uire the ccvojieration of the district officers 
and the rural reconstruction department and should 
have the solid support not only of our Ministers but 
also of our ])ublic leaders. 

There is anf>lher set of atpiatic vegetation in 
addition to this pest. Anyone, even a casual 
rambler, walking along the side of a lake,, a jhil, 
a tank, a ])ond, or a i)uddle, and observing plants 
and animals ffoatiiig, swaying, dancing and playing 
in the water in their natural beauty, cannot but 
wonder at the marvels of pond-life, and will find in 
them *^'omplete expression of the will of God in 
things created”. This is good for a biologist and a 
philosofilier but if we look from the standpoint of 
human welfare, the problem of tackling the dense 
masses of water i>lants, which often choke up the 
various types of water in this i>rovince, demands, by 
no means, less serious thought for their control. In 
the present article, reference has been made to some 
of the common iujuatic plant communities of our 
tanks, jhils, lakes, ponds and puddles and to the 
part they play in the economic life of this province. 
The study of our aquatic vegetation is of consider- 
able iTiiportance in tackling the problem of irriga- 
tion, pisciculture, sanitation, public health and of 
j)rovision of good drinking water in our villages. 

In a water reservoir, where a(iuatic plants arc 
allowed b) have free play, one finds, other than the 
vital layer (the bottom layer of fine muddy silt with 
minute bacteria, algae and lower animals) and zone 
of roc-ited aquatics, another zone of submerged plants 
which generally float in suspension under water. Of 
such ])lants the most common species of our country 
arc Uydrilla vcrlicillata, Ceratot^hyllum demersum, 
Myriophynum tuberculatum, fMgarosiphon Rox- 
hurghii, Najas indira, N, foveolala and the 
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insectivorous l^lacMerwords — Vlricularia iJextiosa, U. 
stcUaris and others. These sul»nierL;cd suspended 
ariuatic plants in old lakes, tanks, etc., often develop 
an ini pellet rahle nelwt)rk of dense ve.eetatif)n in the 
central cohnnn of water. Some of these plants, t\g., 
ririrulnrins, prefer in oceujw the Mirface layer of 
water. These plants, like otlier water plants, propa- 
.eate more rapidly hy ve.eetative metliod of reproduc- 
tion than hy sexual method, that is, hy Seeds which 
on nialurine; drop on the mud and .germinate. These 
plants .erowin^ from seeds are at first attached to 
the mud durin.n the juvenile sta.ees of .growth, but 
later on they dislod”e themselves from the loose 
muddy layer and float freely in snspiaision under 
water. The fruits of (.‘rriifol'liyllunt drnicrsum are, 
like those of Traf^a hispinosa and T. nahtns (Panifal), 
furnished with three spinules at the three corners. 
When they fall in the mud, they stick on to the soil 
and arc not easily shifted hy the movement of the 
water below. Diiriii!;- January and Pehruary and 
sometimes in March too, these plants llowcr and 
fruit, and the seeds are available from July to 
Sei»teinher and ('Ictober. Ihirinc: the cold season, 
(nricularias, Ilydrilla vcrticillala, Ccralophyllum 
dewersnm and other siibmcrq:cd afpiatic plants 
develop ve.qetatively by another kind of winter buds 
known as “hibernacula” or ‘*s(iuaniulae intrava.e:i- 
nales’\ which also grow out into new plants, thus 
tiding over the unfavourable season. These plants 
depend for their growtli mostly upon the nutrient 
salts dissolved in the water. But their occurrence in 
the middle /one deprive the rooted water plants 
below much of their light and oxygen. The floating 
submerged afjuatics harbour many epiphytic algae, 
esf)cciallv Conjuffalac, {Desmids)^ Ocdoffomales, 
riotrirhaJcs, Diatoms, Charccium and colonial mem- 
bers of Chlorococcalcs^ such as species of Sccnedcs- 
nnts, Pediastrum, Coelastmm , Ankistrpdcsmus, 
Oocyslis, species of bluc-grccn algae of the family of 
Cliroororaccne, Chamacsiphonaccac, OsciUatoriaceac, 
Rivutariciceac, Scytovcmataccar and others. 

The suspended mass of vegetation gradually 
leads to a denser surface vegetation, partly due to 
the stagnation of the water and partly to the supply 
of rich plant food in the form of di.ssolvcd salts. 
The conversion of rotten vegetation and other 
organic matters into nutrient salts is entirely due to 
the activity of the putrefying bacteria and schizomy- 
cetes of .the vital layer at the bottom, where older 
portions of the vegetation and other organic matters 
continuously settle down. There is thus a cycle of 
biological actions and reactions by which the lakes, 


tanks and ponds arc supi^lied with an inexha ustihl. 
store of food materials for the growth of plants. In 
such tanks there is fre(|uently met with not only .1 
rich macro phyto-plankton (macro-plankton is coi i- 
])osed of a idankton flora whose members arc visihi^. 
to the naked eye) but also amphibious plants, llv 
amphibious plants here are meant marsh plants m 
those terrestrial plants which grow on moist soik 
along the edges of tanks and adapt themselves easil\ 
to acpiatic conditions. The macro-phyto-plankti.ii 
of our country is mainly composed of the represciila- 
tives of the family of f.emnaccar, of which Wolfii.i 
arrhPza is a very minute gregarious plant floating in 
water as green granules. Of similar habit is f^cnuui 
polvrrhha, 1 .. paucicostala and trisulca, wlnMi 
arc characterised by their small, round or f)val flat 
leaf-like modified shoots. The aracious Pistia St nil in 
tes ami Pontederiacious P'ichhornia spcciosa{ih{i wMla- 
hyacinth) are larger members of the Phanerogamic 
macro-plankton flora. The others bchmg to TJydrof^- 
Icrideae (the water-ferns), of which the roolKss 
Salvinia nntans, S. mcullata, the Bra/ilian S. 
nuriculata and A,:oUa pinnala arc (|uite coiimimi 
everywhere. 'I'he largest fern associated witli 
dense growth of aquatic macro-plankton flora is 
Ccrato p ter Is thaliclroides. 

The micro-phyto-plankton of this warm connttv 
is not fundamentally different from those of tin. 
other uarmer parts of the world. Of the representa- 
tives of the micro-phyto-plankton, the blue-green 
alga Clalhrocystis aeruginosa is the most dominant 
species found all over the Indian Kminrc in lakc^, 
tanks, pools and other water reservoirs fle^ating in 
great abundance as minute blue-green granules. 
This alga is not infrc(iuently mixed up with other 
plankton species of Cyanopfiyceac, such as Mlrn^- 
cystis fl^saquae, Anabacna flosaqiiac, A. iiuHca, 
Spirulina. major, S. plaiensis. Associated with those 
are sometimes found mucous nodules of Gloolrichiit 
pisum and G. naians. ThCvSe members of Nosfora- 
ccac arc at first attached but later on found floatin:-’ 
The green algae, such as Vehox Aureus, Pandorinu 
morum, Gonium pectorale, Chlorella vulgaris, awl 
/.oospores of Ulotrichales floating in enormous mini- 
bers form either pure or mixed association. Diatoms : 
Synedra affinis, and its var. fasciculala, S. 
Melosira sp., Fragilaria sp., Nitszchia sp., awl 
others; Desmids: Cosmarium species, Clostcnum 
species, Euastrum species, Xanthidium spec:* 
Staurastrum species; Scenedesntus : Scenedesmus 
quadricauda, S. prismticus S. hrasiliensis, S. obiusu^. 
S. acuminalus ; Pediasirum : Pediastrum letras, I • 
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iiuplcx, and its var. clathralum ; Coelstrum camhri- 
t iini; Ankistrodismus jalcalus and others, are the 
c.iiiiniou constituents of iiiicro-plaiikton flora. Both 
tlio unicellular and colonial iiienibers of the micro- 
j.liyto plankton exhibit various peculiar adaptations 
(or the purpose of floatation, loconiotioii and 
iilisorption of food materials. Mixed with these 
t;rLen al^ 4 ae are also found ciliated representatives of 
niiicellular green algae Dinollagellata. Of the 
1^'lagellates, iCugleiia is the most common in the 
laUes, tanks, and particularly in smaller pools and 
jiiuldles where the water is rich in organic mailer. 
Pile to the variation in intensity of light the b'uglenas 
I'liaiige their colour from green to brownish red. 

'I'lie water of the lilierbetls is supplied from the 
I li e-settling tanks. These feeding settling tanks of 
ilk- filterbeds harbour a luxuriant stock of rooted 
aiiiialic and submerged vegetation nearly choking up 
llie whole area. This accounts for the rich organic 
I'diilenls of the water of the filterbeds. The growth 
lit the smaller members of micro-phyto-plaiikton, as 
Idiiml in the filterbeds running for a few days, is 
iiikifeied with by the development of iilameiitous 
iilgae, such as Triboncma bonibycinum, llydrodic- 
tyon n'tirulaiuni, Cladophoia crispala. These algae 
III grow on the beds of Siind of the lillerlieds, 
hill later on dislodge from the liottoui. 'I'hey then 
"Kuliially rise to the surface due to the pressure 

exerted by the bubbles of gas (oxygen produced as 
a result of photosynthesis) caught up in the 

lilaiiktoii or ‘tricho-planktoii’. Of this ‘tricho- 

pl.iiikloii’ formation, when one dominant species 
I'niiis more or less i-'iire association, as frequently 
tinnul in the filterbeds, they are distinguished as a 
iKiilicular association of that siiecies, such as 
Tiihoiiiina association or Triboneinetum, Ilydro- 

tl’.elyoiieluin and Cladoplioretiim. Thus floating in 
heiiM- masses these filamentous algae finally choke up 
entire bed. This condition leads to serious 
1 1 age of the beds due to fissures caused by the 
111 'hit of the algae breaking u{i the vital layer which 
is highly beneficial to filtration. The large filamen- 
tous algae of ‘tricho-idankton’ harbour in its liiru 
huge slock of animal organisms by supplying 
lonil and shelter. Among the animal organisms, 
t nidacea, Mollnsca, worms (Xematodes) etc., burrow 
li"Ks in the beds of the filterbeds which destroy the 
Mill layer and seriously interfere with the action 
"I hliration. Further their excrements and respira- 
disturb the biological balance of the water of 
thi* liltcrbcds by inhibiting the self-purificatory action 
the micro-phyto-plankton. The favourable action 


of the micro-organisms of the vital layer uf the filter- 
beds, and consequently the aetioii uf lillraliun is in 
this way considerably checked. 

In stagnant lakes, ponds, etc., which harboui a 
rich submeigcil and .surface vegelaliuii, llie biological 
conditions of the water like those of elioked-up 
filterbeds are also entirely uiiset. The submerged 
vegetation under the screen of a dense surface 
vegetation gradually dies in the absence of light and 
oxygen. They then settle down and rot at the 
Ijottoin. The rooted members of the aciiuitic plants 
Ix-iieath, after niuiildering to death under the double 
roof of surface and .suspended vegetation, gradually 
decompose. The Jiiicro-pJanktoii, and in some cases 
the smaller members of macro-plankton flora, are 
eliminated at the very outset, as they are unable to 
cope with the rapid growth of the larger members 
of niega-jdankloii llora and amphibious plants form- 
ing the surface vegetation. The water of such tanks 
and iiools, thus devoid of light ami oxygen, becomes 
surcharged with the excess of iuunic acid, carbonic 
acid ami other injurious productions of piitivfaeluni 
luieleria, such as ainiiionia, suliihurelted hydrogen, 
acetic acid, peptone and other various cuinpoiimls of 
coiujilicated structure. The colour of the water of 
.such tanks, ponds, etc., appeals dark brown due to 
rich humus coiileiits. Such unhealthy eondiliuii of 
water is delrinieiital to all fieshwater fauna, not to 
speak of human beings and coiise«iuenlly the edible 
fauna with others soon disai>i»ear fur want of food 
materials in the form of lower nieiiiljers of the animal 
kingdom, such as Cyclops, Cope pods. Rotifers, Rara- 
luccium. Amoeba ami various others living on the 
iniero-phyto-plankton. Their absence in such foul 
water is partly due to want of o\>'geii, ilUuninalioii 
and insaiiitalion and partly to abiiiiclaiiee of poisonous 
elements prevailing in such unhealthy waters. The 
prevalence of ILsli mortality in jliils, tanks, i>onds, 
edc., in this country causes great eeniioinic loss. 
This pheiionuiioii generally takes ])laee during the 
hot days before the advent of the monsoon. The 
cause of such fish mortality may perhaps be partly 
ascribed to the upselling of the biological balance 
liy the aciuatic vegetation in a jhil, tank or ixind. 

These biological causes thus lead not only to 
unhealthy stale of water in tanks, jhils, ponds and 
puddles in our villages but sometimes choke them 
up completely. vSuch a state of affairs luoduccs con- 
siderable scarcity of drinking water in the villages. 
Bengal is drained by a number of rivers and water- 
ways but in spite of this there is so much scarcity 
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<jf water, 'rile unhealthy state of water clue to 
vegetable growtli also raiscvS a fuiidanieutal difficulty 
in maintaining jHiblic health, particularly in regards 
to epidemic's of malaria. The life history of parasite- 
carrying niostinitoes, in larval stage, is intimately 
associated with the aquatic vegetation of the country 
and it should be of special intercvSt for the nialario- 
logists to study these aquatic jilant coiiimuiiities to 
ascertain the distribution of these luosciuitoes. 

The great energy of the micro-phyto-plankton, 
and the micro-organisms at the bottom, absorbing 
and utilising in various ways the diverse kinds of 
organic substances resulting in maintaining a bio- 
logical balance in water, is generally .spoken of as 
the ‘*self-purifying” action of water. For the 
maintenance of the balance of self-purilicatory action 
of water it is obvious that the lakes, tank.s, ponds, 
etc., must be devthd of surface vegetation, incicro- 
plaukton flora and suspended submerged vegetation. 
The rooted plants utilising the nutrients from the 
mncl should be allowed to grow to a certain limit, 
as their existence is favourable to the development 
of micro-phylo-plaiikton. 'riie micro-phyto-planktoii 
is the ebtef source of food for Rotijers and Crustaceas, 
which in their turn .serve as food to smaller aquatic 
animals. These are again devoured by larger fishes 
which finally form an important diet of human 
beings. 

In these days, when there is a cry everywhere 
for economic reliirn of scientific undei takings, and 
as the value of the results of scientific investigations 
and discoveries is sometimes estimated in rupees, 
annas and pies, 1 may lie permitted to emphasise the 


great commercial imi.^ortance of pisciculture in thi., 
country and particularly in Bengal. In Bengal thei. 
is an enormous field for scientific cultivation 
li.shes which might result in an inestimable inoiu , 
value. As some of the fishes feed on luostpiiio 
larvae, fish cultivation is useful for aiiti-iiialariologie.il 
work too. vScieiitiiic pisciculture leads to biologiml 
investigation. In Kurope and America it h;i^ 
attained a very high stage of advancement. In om 
country we are .still hesitating to take up such 
investigation and speculating about its pioiii 
and loss. Projier limnological researches rcciuire 
a team work of biologists, chemists and i»hy- 
sicists— the latter to study the plant food in 
the form of nutrient salts dissolved in the 
water, physico-chemical changes under diverse ion 
ditions at different times of the year and so on. 
Investigations of the relation Ixitwecn plant and 
animal life, their periodicity and life-history and 
similar other problems should be tackled by biologists. 
Our rivers hold potential treasures in the various 
kinds of edible fauna. vSoine of the most favomilc 
fishes, such as Hilsa, Vetki, and others pass :i 
particularly imviorlaiit period of their life-histoiN in 
these rivers. The rivers and streams also act as great 
migratory agents, and the biologists have to iv\tal 
the secrets of distribution of the flora and fauna and 
control their migration in our lakes, jhils, tanks, 
ponds, etc. The economic salvation of the eoimlry 
can therefore be partly attained by developing this 
enormous wealth of vegetable and animal resoniccs 
of our land and wate?‘ by inodeni scientific methods. 
W’e should therefore spare no pains to undertake and 
sustain researches in the field of biology. 
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Dli‘‘Fl£RKNT TypKS OF TkLKSCOPK 

^() far we have described how a small telesco^nc 

mirror of I’cneral type can be i>rei)ared and tested 
1)\ tile simjde equipments at home. bar^Lier minors, 
i.s or :>() inches, can also be made in a similar way 
hut Kreater difficulties are eiicoutilered in course of 
Die process, bar^^er mirrors are more powerful, and 
ihe jjower increases more rapidly with its diametei . 
rile mirror-surface increases i)roporti»)nally to the 
^(|narc of its diameter ami much intensity is thus 
(blained. It enables the telescope to produce hi.eher 
iiia.enification without impairing the bright view. 

besides grinding larger and larger mirrors, 
amateurs will find it interesting to attempt ditfereiit 
lyi)es. A few of these used for different purposes 
:iU‘ described below : 

K. P. 7 \ : Amateur telescope-makers who have 
gained some experience in the techniciue of grinding 
and testing general types of mirrors may proceed to 
i'lvpare a short-focus for making a Richest Field 
i'elescope or the R. F. T. Not only it has to be 
Mooped too hollow which is a hard labour, but the 
letting and paralx)li/.ing will also be a difficult task. 
Such mirrors have short focal length near about F/4. 
'i'liis gives a short lube length tnaking it a handy 
n^iruinent. R. F. T. is used with eye-pieces giving 
iK-.uly 30 magnification showing an angular field of 
\iew of alx)ut 2®. As the .short fcK'iis mirrors have 
liigh light-gathering ix)wer they show up wonderfully 
D'arkling image. 

Long-focus Mirror : The long-focus objective 
‘taking should be taken up by a person who has 
athered experience in astronomical studies. He may 
Ivcoiiie a sort of professional astronomer in the sense 
Dial he may utilize this type for a specific type 
"I astronomical observation. Such long-focus objec- 
Dvos are specially suited for photographing the sola’ 
'matures in general and the eclipse, in particular. 


There are very few amateurs win) have prepared 
a solar mirror. The size of the solar image is given 
by S — o'oog.U*', where, vS denotes the image diameter, 
and I' the focal length of the olqective. Thus in 
order to get an image of 2 inches in diameter, the 
objective should have a fi)cal length of aliout iS feet. 

Clyde Tt)mI>ough win) discovered the planet 
Pluto, prepared a 12-inch P/i2‘.s solar mirror with 
plate glass, and used it unsilvered. This gave r.4 
inch image size of the sun. W’ith 200 astronomical 
magnification the details of sun-spots, grains and 
faeulae were clearly \ isil)le. 'i'he biggest Solar 'I'ower 
at Mt. Wilson consists of 60 ft. focus, 2. | -inch mirror 
(F/.^o). giving a .solar image of b' 7-inch in diameter. 

Cassegrainidn Mirror : h‘or many of the ama- 
teurs considerable interest will lie in making Casse- 
grainian mirror with short focus ainl perforated at 
the centre. 'I'liis gives sln)rt tube-length, direct 
V’ision and high magnification. 'I'he miiror is usually 
about K/4 and peiforated with a lu)le al)out 1/5 the 
diameter of the di.se. The auxiliary convex mirror 
which is of the .size of the perforation, has its focal 
length depending ui)on the resultant focal length re- 
quired of the system. Obviously enough, the shorter 
the focal length of the c«)n\'ex, the longer is the 
focus of the combination. Hut usually the eon vex has 
' focal length of abj)ut 1/4 or 1/5 that of the primary 
concave. The convex mirror for the Cassegiainiaii 
combination may be conveniently made from a 
spectacle lens of .suitable power (curvature), silvered 
at one face by the Hrashear*s process describetl early. 

The perforation is generally done after the 
mirror has been prei)arcd . .A b-inch Cass may be 
j.erforatetl with i or i. '4 -inch hole. It is done by a 
copper or brass IuIk* of the same external diameter, 
driven by an electric drill and fed with carborundum 
powder. No. 120 carborundum should be used first, 
and when some depth has been obtained, coarsei 
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grade may be used to get fjiiick cutting action. But 
towards the end, No. 120 must be rcverterl to in order 
to avoid the risk of chii)ping. ('icntle pressure and 
low revohilidn (about 2(x) r. p. in.) of the drill should 
be used. One inch plate will take about i hour 
to i)erforale through. The lirsl surface drills 
cleaner than the succeeding where chipping is more 
likely to lake place. It is therefore advisable to 
begin the drilling from the optical surface taking 
sufficient care not to scratch it with abrasive. A 



C'assrgr.iiniiiii J. Pt rfonikul concave 

mirror. H. Secoiulat_\ ctnivt-x mirror. C. Ivycpiccc. 

coating of lacciuer-varnish may be painted over the 
surface to give a protection. W’heii the drilling is 
complete; the coat may be peeled ofT and washed 
with ordinary methylated spirit which is its solvent. 

'I'hc h74 Cassegrainian primary may also be used 
very well as an R. l\ ' 1 '. iu the usual Newtonian 
form, and both the features may be retained in the 
lube. vSuch a double featured iiiouuting gets the 
abbreviated name “Xewt-cass**. 

Off-axis Minor : A new techiihiue has been 
evolved to eliminate the .small diagonal mirror in a 
Newtonian lelescoi)e. The diagonal stops a small 
fraction of light ; Imt that is not why it is to Ik; 
avoided. The olislructiuu presents itself as a source 
of (lifTraclion centres, and that imi)airs the qualily 
of the image. In spite of its perfect achromatism 
and high light-gathering power, it forms an image 
which is somewhat inferior in optical (piality a.s 
compared with that formed by a refractor. 

This was experimented upon by W. II. 
Pickering, who st()i)pcd the mouth of a lenecling 
telescope with a diaphragm having a small circular 
aperture on one .side of the axis. The light passing 
down the tube did not therefore run across the 
diagonal which was on the axis of the mirror. In 
this experiment it was found that although the illu- 
miiiatioii was heavily cut down, the quality of the 
image improved. Thus one can cut a parabolic 
mirror into halves (rather a little smaller) and use 
the diagonal just outside the path of incoming rays. 
But it will be painful for the grinder to cut his large 


mirror into small ones. It is however possible to 
give a small mirror a sort of lilted curvature so as 
to drive the optical or geometrical axis of the para- 
l)olic mirror outside the mirror itself. In fact, such 
ofT-axis mirrors are existing, and experienced 
ainalcurs are taking interest in preparing such 
mirrors. There is however no definite method 
which may he prescribed for making an otT- 
axis mirror. It depends entirely on the experieiici- 
and sense of feel of the worker. The testing is alsu 
a difficult problem here. 

lyAKOK Mirrors 

Larger mirrors are more jironc to catch loc'.d 
defects. What is more primary, the weight of tin.- 
disc and the force of drag will laud the worker in 
.serious coiiqilications. The danger of vaeimii! 
seizure of the mirror with the tool will increase in 
the same way. It should he remembered that largei 
diameter will necesvsitate thicker disc, otherwise 
defect of curvature,— specially due to sag and tein- 
perature effect, -will come in. Usually, one should 
not atleiiipl mirrors larger than lu inch with i-iiuli 
thick plate, although it is customary to keei> in 
yH as the ratio of the thickness to the diameter nl 
the disc. 

But if sufficient care is taken, thinner plates iiiny 
serve quite all right. The 12 inch F/ solar iiiirmi 
referred to in connection with long-focus mirrors 
was made out of iX inch plate. The ratio of thiek- 
iicss to diameter is 1/10*7. author has seen 

lo-inch optical flat made from f4 inch jdate, givini: 
the ratio 1/ 13*3. But it is always better to gel lluek 
ones for the telescopic mirrors. 

Taking density of glass to he 0*097 lb. per en. 
ill., a 12 in. X 2 in. disc, will weigh 22 H^s., 
16 X 2-disc about 49 lbs. and 20 x about 80 Ihs. 

But large mirrors are not made out of solid discs ; 
they are usually honeycombed at the back. 'IT is 
makes the mirror light yet strong, and facilitate^ 
ciiualizatioii of heat in the changing lemperatuK- 
during grinding and during oliservalion. 

So far an amateur has worked up a 2i-ineli 
Pyrex completely by hand. It is about ^j 4 -inch thit k 
and weighs about 100 lbs. 

Eye-pirce 

A mirror and an eye-piece make a telesc(n"^' 
optically complete. The astronomical magnificat 
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;s given by the ratio of the focal length of 
objective to that of eye-piece. A J^^-inch eye-piece 
will give a niagnificalion of loo when used with a 
so-inch focus objective. The choice of eye-piece 
depends chiefly upon the iiiagnification desired. For 
:i o-inch mirror, magnillcatioii up to 50 may ])e calletl 
Mow’, 50-100 ‘medium*, and alwjvc 100 as ‘high’ 
iiiagnifications. For low and medium magnifica- 
tions, Huygenian or Ramsdeii eye-pieces are ijuitc 
suitable. But for higher i»o\vers some kind of achro- 
matic eye-piece should Ijc used. Among achromatic 
varieties the ‘orthoscopic* (triple cemented field-lens, 
^ ingle eye-lens) is most reputed. It is a great asset 
for tlie telescope maker to possess a 7 or g-mni focus 
oiTlioscopic eye-piece for high magnification. 




Ramsden 


I'lc. 10. 

Two ilifferent 

.1. liMis ; li. I{yf It'iis ; 

C. loeld-slop at llu* plane of image. 


are often found with suitable focal length, and they 
may be obtained at cliea]) rates. 

If both the lenses are of ef|ual focus (f), they are 
suitable for a Ramsden. The lenses are separated 
by a distance of about ff, giving the resultant focus 
F— |f. The general formula for the resultant focus 
is given by I'^-ff'/f • * d, w'here f and f' are the 

focal lengths of the two lenses separated by a dis- 
tance < 1 . It should be remembered that for convex 
len.ses the d has got the opposite sign. I'or conve- 
nient calculation, we mav put f and V as positive, 
d negative. Putting for a Ramsden, f — [' and < 1 = ' ff, 
we get F-Jf. I'or Huygenian, we have usually 
f— .jP and d--5f'= Jf, so that the resultant 

Jf. Sometimes f~.sP, and d— — 2f'— if (always 
the distance is half the sum of the twf> bical lengths, 
in a Huygenian), giving 

In order to grind lenses for eve-t)iece a iV or 
i h.p. electric motor is nece.ssarv. The diameter of 
field-lens is generally less than an inch, while that of 
the eye-lens is only about of an inch. If a good 
piece of glass (such as a microscope slide, or a zero- 
power flat .spectacle glass) is iise<l, only one surface 
has got to Ik? worked up c-onvex by means of a brass 
or iron ‘tool’ according U> the calculated curvature. 
For a plano-convex, the focid length will be given 
by r/f— (/«- r)/r, where f-focal length of the lens, 
/t — refractive index of the specimen of glass, and 
r — radius of curvature of the convex surface. Taking 
/«— roughly, f— 21' ; we have therefore a general 
rule that the focal length of a ]>lano-convcx lens of 
crotvn gla.ss is e(pial to its diameter of curvature. 
It is how’cver found th.at ordinarv crown gla.ss has /« 
between I'.si to r'52, so that the simi)le rule includes 
an ern^r of 2 to .] per cent for the b>cal length on 
the shorter side. 


As regards making the eye-pieces it is <piile 
within the reach of an amateur to construct the 
Huygenian and Ramsden types. These do not re- 
‘liiire achromatic com!)ination.s. The same variety 
■ ri fractive index) of gla.ss is used IkiHi for field-Ieiis 
and eye-lens. Apart from actually grinding them up 
It may be possible to get small plano-convex lenses, 
spare parts of other instruments, suitable for 
li'iiising them into a small tube to make a Huygenian 
"• a Ramsden eye-piece. One source is the watch- 
ikers’ magnifier,' hut that has rather too Ion.g a 
f" us. But the view-finder lenses of small cameras 


To iK'giii with, the glass is cut into octagonal 
!>lank and held at llie end of the motor spindle by 
means of resin, melted by a sin'rit lamp. Tl is how- 
ever bettor tr) use a brass cap about one inch long- 
fixed with a screw to the motor .s])indlc. This 
will ensure easy manipulation with the lens. 
The speed of the spindle may lie between 
500 and Tooo r.i).m. A separate spindle mount, 
will\ belt colliding to tlic motor, will serve better. 
It will keep the motor safe from water and 
abrasive. The octagonal glass piece is edged into a 
circle by holding a bent thin strip of zinc or iron 
sheet fed with carbo. 80 and water. 
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It is better to use two sets of tools, — 

lie b)r rou.iiliiii.s^ and tlie other for fine j-rindiiii*. 
Tile roiiRliiiii’ is be^nn with the carl^).8o and con- 
tinued till the reciiiired eurvatnre is obtained on the 
)»liiss. It is then ehaii.eed over to the next Ki'ade 
No. ijf), and then to No. 220. The fine tool is then, 
used, beRiiinint; with i20. It is needless to mention 
that the lens and the tool must be washed up care- 
fully between the chaiit'e of tirades. 

The i»olishin.e is also carried on the spindle, 
usin.e rmi^ie on pitch or resin-beeswax (95% +5%) 
lap on the face of a small piece of wood. The lat> may 
or may not be channelled into a ‘honeycomb*. The 
surface after polishing should be carefully watched 
with a good magnifier so that no hazy patch remains. 
Continuous polishing will clear all such unpolished 
region. Polishing being over, the housing of the 
field-lens and eye-lens into a brass tube to make an 
eye-|)iece needs no .s])ecial instruction. A field-stop 
slnadd be [ilaced at the ])lane ot the image. Provi- 
sion for tiark glass attachment may be made in order 
t(j bicilitate .solar observations. 


Mounting 

We now come to the mechanical side of 
telescope making. In fact, as experience will show, 
this is more Iroublesonie than the making of mirror 
or eye-piece. Although we shall always call a six- 
inch telescope a ‘small’ one of its kind, it will never- 
thole.ss make (piite an unwieldy in.struinent. 

There arc two es.seiitial forms of mounting the 
altazimuth and the et]uatorial. An altazimuth 
mounting will give the telescope all possible rota- 
tions on a fork and vertical axi- (fig. ii). .\n e<|ua- 
torial mount (tigs, u and i;d will give, in addition, a 
provision to follow the apparent travel c)f the staia^ 
in the sky. This makes the axis inclined towards 
tile poK* star. *l’liis is therefore called the ‘polar 
axis’ of the telescope. The other axis of rotation 
is called the ‘declination axis*. The astronomical 
field of view diminishes with increasing magnifica- 
tions. Usually a magnification of so will show a 
circular fiehl nearly in angular diameter, for 
/()> magnificatitJii, and .so forth. .Such small fields 
sweej»s away wit I’ in a minute, .so that readjust incut 
of the telesco])i.* becxnncs necessary. In an c^^tia- 
h)rial telescope the polar axis is just turned a little 
in order to catch up the escaping star. 


If the mirror turns out very well and if aipe 
serious observation is to be taken with it, the mount 
iiig should be made heavy (it usually comes out ti> 
be 200 lbs.), fKM'fectly free from shake, and snuK)thK 
turning alx)ut tl;e axis. The bearings of the axi^ 



Vertical Axis. 

however need not be on balls ; busli-bearing of bra-s 
will do. The tube may be made from ’pgaii.c 
galvanized iron sheet, with a J-inch flange reinfoic. i 


f’ ‘V f - I . Y-- . X 



Pin. 12. 

Scven-iiicli Newtonian P'quaLorial Telescope 
made by the author. Pillar stand 3'yf ft.; 
telescope tube, length 5;-^ ft. diameter 10 ins. 
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at the lower end, so that the mirror holder 
with similar flange may he clamped on with three 
.^iiiall lx)lt-inits. Wlieii not in use, the mirror case 
may Ix^ easily removed from the telescope and be 
lovered with a cap. This will prolong the life of 
llic silver film. The lube may also be made in scpiare 
section out of 4 or J-inch thick teak wood, as is 
seen in fig. 13. vSuch lube will make the fittings and 
altachmeiils very easy. 



I'k;. 13. 

\S (Hjili-ii I'^juatorial Muunt. 

A properly uorking worm-and-gear slow drive 
I'nr llie polar axis will make the tele.scope very useful, 
hut all these details reciuire a substantial assistance 
(if a workshop. Details of mounting cannot be given 
ill the limited space of this article, but a few typical 
fnrins shown here will give the reader a general 
impression. 'Hie amateur maker should use his dis- 
cretion in devising the plan with the facilities avail- 
able. 

IIoU.SlNG THIC TkLRSWPK 
Even when the whole thing is complete, the 
l' l< scope cannot be used profitably unless housed 


in a dome of suitable size. This will protect the 
heavy imstnimeiit from sun and rain, and also from 
the disturbing air draught. A ro-12 ft. dome with 
about 2i ft. slit oiK-ning will do for a .j-ft. focus 
telescope. Those who live outside towns and have 
a small plot of land attached to the house, can build 
up easily an astronomical observatory and the dome 
with wooden or banilxx) frame- work finally covering 
it with cheap matting and canvas. 


Nkki) ok A^r\TKTTRs’ Okowization in India 

Scientific hobbies not only provide a valuable 
l)astime to the people directly concerned, Imt they 
also immensely lielp the i>rogress of science and 
industry. They also arouse public interest in science. 
There have been many valuable systematic as well as 
chance discoveries made ihrough the hobby-work of 
amateurs, iscicntific studies as hobbies arc very much 
encouraged in other countries wlnav they have been 
organizing clubs for amateur workers in astronomy, 
wireleSvS, photography, motoring, gliding, etc. Un- 
fortunately, hobby is not looked upon in this 
country with the same spirit. The need for arousing 
public interest in science does not reipiire rcstressing. 
Scientific bias in people’s mind is necessary for 
India’s iiidu.strial developinen.!. One way to achieve 
this is by encouraging the young people who have 
taken up scientific and technical work as a liobby. 

India being near to the eciuator, she gets an ex- 
tended view of the southern sky, which is not enjoyed 
by the United Sltites or Irnglaiid. This opportunity 
may serve as an initiative for organising an amateur 
astronomers’ association in this country. It ai)pears 
that this amateur astronomers’ asstK'iation may be 
conveniently organized through the co-operative 
.agency of the Indian uiiiiversities. 


Recent Advances in Our Knowledge About 
Certain Enzymatic Reactions in the Living Cell* 
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Introduction 

Otri* two decades aj>o Willstiittcr aptly stated 
that life may be rei* aided as a system of co- 
oi)eratini> enzymatic reactions. Indeed when we 
consider that all mctaf)olic processes of the livinj^ 
cell concerned in its manifold activities, such as 
hydrolysis, oxidation, rcdnctioiii, <Usinlcs:ratioii, 
synthesis, etc., depend upon enzymes for their pro- 
per execution, we realise the intimate connection 
between cn/ynies and that slate of existence which 
we call life. M'he understaivding of the course of 
events in the living cell, which is the simplest unit 
of life, in terms <^f the established concepts of physics 
and chemistry has been the concern of scientists ever 
since the time of bavoisier who declared 

vie est line fonction chimiipie’b But the chemical 
traiififormations brought alxmt by the living cell 
could hardly be imitated outside it, and it was only 
fifty years later when Berzelius introduced 

the coiicei)t of catalysis and Wohler (1828) synthe- 
sized urea that bavoisier’s view could be harmonized. 
With the isolation of diastase from germinating 
.seeds by Payeii and Persoz (1S33) the itlea and role 
of enzymes became more firmly establi.shcd. The 
early hi.storv of enzymes and their function in the 
living cell is closely a.ssociated with the phenomenon 
of alcoholic fermentation b\’ yeast. The controversy 
between biebig and Pasteur (1870) is too well known 
to be recounted here, biebig (1830) twenty years 
earlier had developed a iinrely chemical theory of 
enzyme action ami he was genuinely pained to see 
a very important chemical change, namely, the con- 
version of sugar into alcohol, once again being 
relegated to the domain of that mysterious vital 
force from which chemistry had just been rescued 
by Wohler’s brilliant synthesis of urea. Yet the 
experimeiiilal evidence adduced by Pasteur was too 
strong to be dismissed Sf^ easily as had been earlier 
in the cases of Schwann, Kutzing and others, biebig 
was ill at case and delayed his reply almost for 


twelve years. However, soon after, Buchner (i8()7l 
obtained a cell-free extract capable of causiii;' 
fermentation and the problem was solved in, m 
manner satisfactory to both sides. 

Buchner’s discovery of zymase brings us almost 
ti) the modern era of enzyme research. Harden .iikI 
his co-workers discf)vercd co-enzymes in kkM and tlu 
es.sential intermediary formation of a phosphoric acid 
ester of hexo.se in 1908 for the successful T)reakdf)wii 
of sugar in the cell. Neiiberg (igir) discoven-d 
aiu)ther enzyme, carboxylase in yeast, wliich decai- 
boxylatcs tt-keto acids and thus prrwed the disinli- 
gratiun of pyruvic acid to be a delinite stage in tin. 
process of fermentation of sugar. These landmarks 
in the early histoiy of enzymes are summarized in 
Table f. 

TAHLI< I 


f,\\flM\KKS IN THK IC.^KI.Y IIlSTOkV (»!•' ICnZYMI-S 


1820 

Plamdie : 

Disrov itimI llu* first i*ii/,viiics. 

1833 

Payi*n 81 

I Vrsoz : 

Isnlfitcd diastase from geriiiiiiaiini: 
scetls. 

1836 

HcTzcliiis : 

Dcsrribrd feriiiLMitatirMi of sUgai :is .1 
catal.vtir process. 

1839 

biebig : 

Developed a purely ehemical theory oi 
Kn/yme action. 

1857 

Pasteur : 

Deimmstrated aleoludic feniieiitalioii b> 
living yeast. 

1870 

biebig & 
Pasteur : 

T'he well-known controversy. 

1897 

Buchner : 

Prepared a cell-free extract capable of 
causing fermentation ; discovery of 
zymase. 

1904 

Harden & 
Young : 

Di.scovered co-etizyines ; zymase con 
.sfsts of apozyinase and co-zyinasi 
f)oth of which are necessary foi 
fermentation. 

1908 

Harden & 
Young : 

Isolated hexose di- \ and s1k>wc( 1 
phosphate / the.se to be tli-- 

1914 

Harden & 
Robison ; 

Isolated hexose mo- /■ internicdiar> 
nophosphate \ products of 

J fernieiilatioii 

1911 

Ncuberg : 

Discovered carlioxylase and showe'| 
the disintegralum of pyruvic ac' l 
to he a stage in the process of 
fermentation of sugar. 
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Twenty years which followed were spent in lot 
of spadework and lot of theorizing, nuring this 
time hundreds of enzymes were discovered, each 
highly specific in catalysing a particular chemical 
transformation. Confining oiir atteution to a i)arti- 
cular idiase of eellular activity, namely, the disinte- 
gration of hexose in the cell, we find that a numl>er 
of intermediary compounds were isolated and on» this 
basis a number of theories were advanced regarding 
the course of the reactions. As a result of this w()rk 
two facts stand out very clearly : 

(/) That the disintegration of the hexose mole- 
cule in the living cell ficcurs in a series 
of intermediary stages ami a series of 
enzymes are necessary to bring these 
about. 

(n) Reactions involved in the transformation of 
the sugar molecule to alcohol in the yeast 
■ cell, and lactic acid in the muscle cell 
are more or less similar in character. 

The technicpies of organic chemistry which 
rjii)idly develoi)ed during these years helped to 
unravel the complicated changes and firmly estab- 


lished the various stages in which the reaction 
occurs. Without going into any technical details or 
into the account of thirty years of laborious research 
which preceded this achievcmenit, the result can be 
at once placed in the form of a summary (Table II). 
The understanding of these fai*ts is necessary for 
the i)roper ai)preciation of the recent develo])ments. 

In the above brief introduction I have shown 
one series of tran^b)niiations, or chemical events 
which take place in the living machine. What 
would be however more fundamental in under- 
standing the living unit is the mechanism by which 
these transformatioivs take place. To continue the 
analogy of a machine, we have taken tlic machine t») 
bits and we know its component parts. Hut unless 
wc know the function, the arrangement and the 
inter-relationslnp of those parts, our kmnvledge 
about the machine W'oiild be very meagre. If we 
at all know the machine well, not only should we 
be able to take it to l)its but also to reconstruct the 
original. Therefore the kiiiowledgc about the func- 
tions or inter-relationship of the diiTerciit coinptmcnts 
is fundamental to the underslaiiding of ’the living 
cell. This knowledge has just l)eguni to develop 
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Table II 

Hexose [glucose, glycogen, fructosel- 
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Acetaldehyde + CO2 — 
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(hiriiiR the last 4 or s years. Though what we 
actually kiiuw is very little, but even at this stage, 
the iiiiporlance, the applications and implications of 
this knowledge .'ire Ireiiienclous. 

COZYMAvSK 

First of all, let me take the case of cozyinase. 
Cozyniase is the ])rosthetic group of zymase in which 
it is coiiil)iiied with the protein carrier or triiger. 
'riie lirst sei^aration of cozyinase in 1Q04 by Harden 
and Young has already been referred to above. In 
lyiS Myeihof made the iniportaiit discovery that 
the cozyinase of yeast also occurred in the iiiiiscle 
and other tissues of animals. Recently Warburg 
(1936), and Ihiler and Schlenk (193b) established the 
chemical coiniiosition and coiistitiitional formula of 
cozymase. 

It consists of two molecules of phosi)horic acid, 
two of ribose, one of adenine and one of nicotinic 
acid amide. 


CH 

N-C.NH, 

lie C.eON'H, 
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Cozymase 

Warburg and Kulcr have shown that nicotinic 
acid amide is the active group in the molecule, the 
nitrogen atom of the pyridine ring being reversibly 
reduced or oxidised according to the following 
scheme : 

CH CH 

CH/\ C.CONH2 CH/^\C.CONIl2 

II I II I 

HC \/ CH Adenine CHX/CHa 

N + / N Adenine 

I Ribose | / 

I . / Ribose Ribose 

Ribose P =0 I / 

Phosphoric y' Phosphoric— P =0 

acid O - acid / 

OH 


Or briefly : 

Substrate t Cozyinase- ^-Cozyinase. 2II I 

Oxidised substrate. 
Ill alcoholic fermentation and muscle glycolysis the 
following reactions take place : 

1. Glyceraldchyde Phosphate + Cozymase 

— >■( lly ceric acid phosphate + Cozymase. 2 1 1 . 

2. Cozyinase. 2II I- Acetaldehyde — >rithyl 

alcohol + Cozyinase. 
or Cozy iiiase. 2 H -1- Pyruvic acid— >L,actic acid t 

Cozymase. 

Here thus we have a definite iirsight into the 
nature and the function of cozyinase in carbohydraU 
iiietabolisin of the cell. Tlie practical implication^ 
of this knowledge will be iutere.stiiig here. 

As already stated the active grouping in cozy- 
masc is nicotinic acid amide. The dietetic factor con- 
ceriied in pellagra was identified to be nicotinic acid in 
>937 hy Klvelijeu and others at the University ol 
Wisconsin. Pellagra, a condition characterised by a 
severe dermatitis, severe gastro’inte.stinial disUir- 
baiices accompanied by mental symptoms has been 
endemic in many areas, particularly in U. vS. A., 
Kgypt, Italy and Rumania. Ivven in the advancLTl 
and relatively prosperous country of U.S.A. pellagia 
claimed as many as 7,000 victims annually until 
recent times. Quite a large number of cases con- 
tinue to be reported from iCngland, Denmark, ami 
other European countries. It was believed lhal 
pellagra does not occur in India but during the last 
few years several cases liave come to light, v^since 
the iilentification of the P.P. factor as nicotinic acid, 
experimental nicotinic acid deficiency is being inteii 
sively studied in the dog, in the pig and the monke> 
ill which a condition akin to pellagra results. With 
regard to clinical experience with iwcotinic acid, I 
have only to quote the following typical statement 
, by Mathews: — 

“The most striking as well as the most grati- 
fying ob.servation.s in my clinical experience wcri 
the rapid healing of lesions from the alimentary tract 
with the development of an excellent appetite and 
gastro-intestinal function and the spectacular dis- 
appearance of mental symptoms”. 

More recently 150 cases of an encephalopathic 
syndrome characterised by clouding of consciousness, 
cogwheel rigidities of the extremities and uncon- 
trollable grasping and sucking reflexes, are reporter! 
from New York which have responded to nicotinic 
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loid therapy. Hitherto this condition had been 
ilniost always fatal. The authors of this report 
;,clievc that these were cases of more complete 
iiicotinic acid deficiency. 

These two grave conditions are enough to 
iilnslrate the dangers of tiicotinic acid deficiency. 
W’c know nothing as yet about the mild, un- 
recognised condition which may l)e equally detri- 
mental to health. Nicotinic acid is not only eSvScntial 
fur the higher species of animals but also for proto- 
zoal and bacterial growth. 

The coen/.yme function of nicotinic acid pos- 
sibly represents the main tissue activity of this 
Mibstaiice, though the possibility of other additional 
functions cannot be excluded. It has already been 
shown that cozyniase of blood decreases in both 
pellagrins and diabetics (Spies, 1939). This is 
col reeled by the administration of nicotinic acid in 
utlier case, and the continued administration 
increases very much the cozymase content of blood. 

Recent nutritional studies have again shown 
that certain minerals namely, manganese, cobalt, 
/iiic and magnesium are es.sential for normal nutri- 
tion of animals, even though in very small traces. 
W’e ilid not know what functions these minute traces 
of minerals could possibly have. Now we are 

liLginning to have a glinqise itito this problem. It 
fuuiul that sotliuni ions inhibit the action of cozy- 
iiiasc. Manganese ions counteract this inhibition by 
sodium ions, and actually augment the action of 
ihis enzyme. Magnesium ions have been found to be 
necessary for the action of another enzymic system 
(adenylic acid). 


Coca Knox Yr,ASK 

Twenty years after the discovery by Neuberg in 
of the enzyme carboxylase, which dccarl)oxy- 
lal(s a-keto acids, Auhagen (1932) described its 
coenzynie. Two years ago l.ohtnann and Schuster 
succeeded in identifying it as thiamin pyro- 
phosphate or vitamin H, pyrophosphate. The 
h>nmila is as follows : 


S OH 

X. / 

N=CH HC CH 2 — O— P— O 

II II II /I 

kHa C N~C O 0 = P— HO 

’I II Cl CH, I 

n-c.nh, ho 

T hiamin-pyrophosp haie-Cocarboxylase 


The function of cocarboxylase is to decarbo- 
xylale pyruvic acid to acetaldehyde 

CH 3 .CO.COOH— ^CHaCHO 4 CO, 

In this case also, magnesium and manganese ions 
increase the activity by the enzyme, while acetalde- 
hyde inhibits it. 

This discovery at once threw flood of light on 
the function of vitamin JI, in animal tissues. 
V^itamin Ht-deficieiicy was known to produce the 
following derangements : 

U) The accumulation of pyruvic acid in the 
blood, brain and other tis.sues of the 
animal. 

(ii) Very much increased excretiem of pyruvic 
and lactic acid by way of urine. 

nil) Cow oxygen uptake by the tissues in vitro. 

(iv) Cow heart rale due to the accumulation of 
pyruvic and lactic acids in the heart 
muscle. 

(r) Severe polyneuritic symptoms in. birds, 
rapidly cured by administration of vita- 
min Ii|. 

(vi) Decreased sugar tolerance. 

(vii) Failure of appetite, gastric and intestinal 
atony. 

Now all these symptoms are easily understand- 
able when we know that vitamin IC is a coii^ilitueiit 
of cocarboxylase whose function is to oxidise pyruvic 
acid. In the deficiency of the vitamin the accumula- 
tion of pyruvic acid in the tissues occurs and gives 
rise to all the symptoms and derangements of carbo- 
hydrate metabolism described above. It has also 
been fouikl that there is a reduction of cocarboxylase 
in the tisvsues of vitamin Bi-deficient animals and that 
synthesis of cocarboxylase takes place if vitamin H, 
is administered. 

• The exact mode of action of ct)carboxylase in 
animal tissues, however, is iK)t yet fully understood, 
though it is connected with the metabolism of 
jjyruvic acid. 


Rkspiratory Knzymks 

Now let us take the case of another type of 
enzyme which is not so specific as cozyniase or 
cocarboxylase but is a nonspecific oxygen carrier in 
cell respiration. In 1933 Warburg and Christian 
discovered a new type of “Atmungsferment” from 
}x)ttom yeast. It became soon clear that it consisted 
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of a protein carrier of liigli molecular weight to 
which a yellowish-red dye was attached and which 
belonged to the class of flavines, a group of pigments 
widely distri])iitetl in nature in both the plant and 
the animal kingdom. Warburg ami Christian found 
tliat this eii/yme in)t only had the biological oxygen- 
carrying properties, but this ccjuld also act as a 
liydrozeii acceptor and bring about dehydrogenation 
of biol(>gical substrates. At the same time when 
W’arburg and Christian discovered this remarkable 
eiii/-yme, (rydrgyi, and Kuhn and Wagner- Jauregg 
discovered that flavine constituted the major part of 
the vitamin Ho-complex. In the following year 
Kuhn completed almost all knowledge alx>iit the 
flavines — formula, constitution, synthesis : 


CH2.CH(OH).CH(OH).CH(OI1).CHoOII 

'll 1 

C N N 


C /\ C /\C() 

ai,.c^ N/' \ 


C1I,C 




C C \/NH 
CH N C 
O 


6,j,dimi'l hy l-ij-l- arab ojlav i n . 


Thus have we had at oiux* a discovery not only 
of an imi)ortant vitamin but also of its relation to 
enzyme, and its role in the tissue cells. In the 
beginning, the only effects of flavine-deficiency 
noticed in animals were the cessation of growth, and 
a non-specific dermatitis and alopecia. Recent 
stiulies have shown that certain acute and fatal con- 
ditions are associated with flavine deficiency. Sebrell 
has reported an acute and fatal condition of flavine 
deficiency in the dog known as “Yellow iriver”. 
It is characterised by bradycardia, cardiac arythniia, 
yellow mottling of liver, degenerative changes in the 
central nervous system, collapse and coma. In birds 
an acute paralysis characterised as neuromalacia has 
been observed which rapidly responds to pure rilw- 
flavine administration. 


hhCRMENTATlON AND OxiDATlON IN THE CELL 

Finally let me recount one more chapter in this 
fascinating history of cellular activity which the 
brilliant researches of Szent-Gyorgyi have brought 
to light. Taking the muscle cell as our example, it 
is well recognised that in this cell hexose is converted 


into lactic acid. The manner in which tli , 
change is brought al)out has been shown already <ii 
the chart. The fact that the formation of phosi)hor 
acid esters is necessary for this fermentation 
<)cciir does not affect our conclusiotis. The n i 
result is that first hexose -a six membered carb^.n 
chain — is broken down to a threc-carboii irin,^. 
Triose is then changed through pyurvic acid to kum 
acid. Triose, CsHeO.-, has only tw'o atoms of liydtn- 
gen more than pyruvic acid CaH^Oa, while pynuu- 
acid has two less than lactic acid. 

Triose 2ir Pvruvic acid f2H Lactic Acid 

C 3 H ,03 C,Hr,0, 

Thus the hydrogen atoms taken out at one 
are added in at the other. The change involved m 
this fragmentation of the hexose molecule to kuiii 
acid is only a minor change and the energy libciatul 
is of a low order. 

The cell wants energy for life. The energy >el 
free in the fragmentation of tlie hexose inolecnk- to 
lactic acid is very small. The only other alternatue 
to completely burn the hexose molecule b) COj f II.(k 
whereby the bulk of the energy would be set free. 
This energy would be 30 times more than in llu- 
former process. Indeed nature did adot)t the kiiui 
proce.ss of oxidation in order to obtain more enetgv. 

The anaerobic fermentation of hexose to lactic- 
acid whereby only a small amount of en<ergv i^ sd 
free represents a lower stage in the evolnli«niai\ 
history of the cell. This could maintain only Inuir 
forms of life. The evolution of the higher fiu ins ol 
life became pos.sible only after nature discovered 
oxidation by molecular oxygen, in which case the 
hexose molecule could be completely burnt. It is a 
very fascinating story how nature changed over from 
fermentation to oxidation. In fact it did not com- 
pletely change over, as both the processes exist todas 
side by side — fermentation, the relic of the older age, 
and oxidation, the new achievement. Let us now 
examine the mechanism of oxidatiotii and the maoiicr 
hfjw it was evolved. 

The older process of fermentation by which the 
cell derived its energy was anaerobic. Oxygen was 
now to play the chief role in the new dranm of 
oxidation. The molecule of oxygen is a fairly stable 
entity and cannot be made to do anything whicii the 
cell wants, especially at the body temper dine 
What was necessary was to activate the oxygen, 
is the most brilliant achievement of Warburg that he 
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, ^covered the catalyst which the cell used for this 
i n pose. This contains iron and is different from 
till- yellow respiratory en/ynie. Warburg believal 
ii,at this alone affected the oxidation but il is only 
link in the chain. The next link was Keiliii’s 
‘i \ lochroine-C’, a compound closely related to haemo- 
globin. 

Cytochrome, whose formula has not lieen quite 
lU tiiiilely established yet, is very much like what is 
^liown below : 

Protein 

II II 

NHa coon XH.. COOH 

V/ \/ 

CH CII 

C7ii,oO±c±2n±o i 


vS s 



Cytochrome contains an iron atom which is 
i il'ible of being oxidised from the divalent to the 
biNLileiit form. The “Atmungsferiiient” of Warburg 
the cytochrome. 

Xow it was the discovery of If. Wicland that 
us further in understanding what the cell 
W’ieland discovered that as oxygen was 
activated through the respiratory ferment 
the cytochrome system, so also the hydrogen 
' ' tile hexose was activated by a system of 
hydrogenases**. These enzymes release the hydro- 
't' ill such a wdy that it can lie easily given 

*’l f there is any substance present to take it over. 


The simple explanation now would be that activated 
oxygen combines with the activated hldrogeii and 
in this way the oxidation proceeds. Hut even this 
is not whole of the story. 

The discovery of the intervening ste])s we owe 
to the genius of Szent-Gydrgyi. bet ns (piote his 
own words : 

“From the very beginning of my biochemical 
studies my mind was bothered by the special position 
of the foiir-carlxin atom dicarboxylic acids. 1 was 
taught that succinic acid was oxidized by most animal 
tissues at a very rapid rate to fnmaric acid, bater 
I convinced myself that there is in fact no other 
substance oxidized by tissues as fast as succinate. 
Ogston and Green showed that the only substance 
cytochrome could act on was succinate. It was als(j 
known that all tissues ctjiitained a very powerful 
enzyme, Tumarase’, which converts fnmaric acid to 
malic, till the relative coiM.'entration of both is i : 3. 
In the stime way it converts malic into fnmaric. 
bater on 1 found that this enzyme is in fact one of 
the most powerful enzymes known. Hut wlurt is its 
function? Xature is not extravagant, and yet 
neither succinic nor fnmaric acid was regarded as 
among the most im])ortant metalxffites. Also 
Thunberg showed that the isf)mer of fnmaric acid, 
c.Xf., maleic acid, was a strong and specific poison of 
respiration. I began to suspect that something must 
be wrong about the W’K- Wicland theory. It might 
be true, but must be inc«)mplete, and the LVdicarbo- 
xylic acid must i>lay some very important catalytic 
role in rcsi)i ration.’* 

Thus Szent-Ciydrgyi embarked (Ui his investiga- 
tion to find this out. It to(^k several years of hard 
work to discover the whole chain. It was found 
that four dicarboxylic acids undertake the work of 
transferring the hydrogen from hexose to the flavin- 
cytochrome system. 

COOH COOH COOll COOH 

I I I I 

2H CH, CII, 2H CH CH, 2II 
Triose — >■ | | — ^ |l I — ^-CvtoclironiL’ 

CO CH(OH) CH CH, 

II II 

COOH COOH COOH COOH 

Y 

oxalo-acetic malic lumaric succinic Flavine 

■ I 

O2 

I'hus it was found that such dull substances as these 
aqidSf whose formulae we find in the first pages of an 
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ekMiiciitary text book of organic chemistry, were 
found to play such a fundanieiital role in cell 
iiictabolisni. Hut Szeiit-dydrgyi points out another 
interesling fact i.i ., how nature discovered and made 
use of these aci<ls. Let US put the two systciiis, 
fermentation and oxidation side by side. 

CII, CH, 

-2ll I I 

Triose -> CO HC.OH 

C()OH CdOH 

COOH COOH 

-2ll I +2H I -H ,0 I-2H 


Triose — 

> CHa — > CH.. — > Fumaric 

> Succinic 


1 1 

i - 2 H 


CO HC.OH 

1 1 

WK 

1 


COOH COOH 

r 

O3 


We realise the remarkable similarity between the 
two systems. Oxalo-acetic acid is only a carlx>xy- 
pyruvic acid and malic acid is only a carboxy-lactic 
acid. Thus what nature did millions of years ago 
was simply to carboxylale pyruvic and lactic acids 
in its older process and add to it the fumaric succinic 
acids to unload the hydrogen on to the flavin- 
cytochrome system. Thus by simple carlxjxylation 
nature achieved, the remarkably ingenious way of 
adai)ting things for a new function 

Here we have thus the complete storv of the 
oxidation of hexose in the cell. The aliove dis- 
cussion makes it clear that hydrogen is actually the 


fuel of the cell. The carbon atoms in hexose ser\, 
merely as pegs to hang the hydrogen or the parcel- 
of fuel on them. 

These are just a few fragments of our tapi(ii\ 
developing knowledge about the nature of eiv/.ym^ s 
and their important role in the phenomena of lih . 
The fundamental importance of these studies will \k 
evident from the fact that the Nobel Prize has conn.- 
to most of those who have taken a hand in this 
remarkable achievement. 

Let me recount the names serially : 

1. luluard Huchner (igo;) for his discover\ »f 

zymase and demonstration that a living 
cell was not eSvSential for fermentalifni.. 

2. Otto Meyerhof (1922) for his studies nl 

oxidation-reduction systems in cells. 

j,. Heinrich W'ieland (1027) for his discovery 
of the role of dehydrogenases. 

4. Arthur Harden (1929) for his discovery ol 

co/.ymase. 

5. Hans Von h'uler (1929) for biocheiiiitnl 

studies of coenzymes. 

6. Otto Warburg (19.H) for studies of 

“ Atmungsferment” . 

7. Albert Szent (Wdrgyi (19,^7) for iiiveslign- 

tions on the role of 4-carbon dicarboxylii 
acids in cell respiration. 

S. Richard Kuhn (19.^9) b>r chemistry of Mil* 
stances of biological imi)ortance. (Tlk 
offer has since been refused due to Uk 
N azi decree) . 


,\elapte«l fnnii n lerlure iklivercd Iwfore the Jouriinl Club, All-India Institute of Hygiene and Public Health, CaUntUi. 
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Critical Edition of the Mahabharaia 

Wk liavc received from llie Hhaiidarkar Oriental 
Research Institute a statement re.ij:ardin^ the pro- 
ijress f>f the critical edition of the ^reat Indian epic, 
the Mcihnbharata. As is well known the Malta- 
hharala is the longest epic in the wf)rld containinjj:, 
accordini* to tradition 100,000 couplets, hut, actually 
containing:*' about 85,000 couplets. Compared with 
this, the Ki'c^at epics of the Ci reeks, the lUad and the 
Odyssey, can he accommodated in two cha])ters of 
the Mithabharaia. Unfortunately there are a larij:e 
immhcr of different editions differing fundamentally 
ill their contents. The Hhatidarkar Institute took 
niton itself the task of bringing out a critical edition 
iihout 21 years ago with a handsome donation of 
one lakh of rupees provided by the Chief of 

Aiiiidh, which has meanwhile been supplement- 

ed by grants from other sources. The Institute 
lias been able to collect a large number of 

manuscripts of all ages from all i)arts of India, 
from Reiigal to the Punjab and Kashmir to 

Cevhai and has been able to secure the collalK)ra- 
lion of a large number of scholars. In reviewing 
the work hitherto achieved. Dr V. S. vSukthankar, 
the fieneral Pditor reported that in spite of the time 
I'lssed (now alxmt 21 years) only three of the 18 
books have been completed. The first, the Adiparvau 
w.is completed by the (lencral Editor himself in 1933. 
I'lie I'irataparvan was completed by Dr Raghu Vira 
"1 the Sanatan Dharma College. Lahore. The latest 

the Vdyogaparvan edited by Dr S. K, De 
' ' Dacca University. The (rcneral Editor and the 
coil.'dx)rators are following in the selection of the 
test the critical method laid down by the Western 
>;»vaiits and this has led to the elimination of a 
I^a-’e number of interi^jlated pa.ssages, a notable one 
■’'•ing the hymn to Durga recited by Yudhisthira, 
‘>b()nt which doubts were cherished for a long time. 

• '’e i)r()gress has been extremely slow but the 
^-' ncral Editor informs us that by the next year 
I- per cent of the work containing 40,000 slokas 
'*'1 about 4,5fx) pages will l)e finished. The general 
' ulcr will probably grow impatient, l)ccause if the 
• ‘^ ''cnt rate is not. accelerated, the completion of the 
’ h may take another 30 years. The cause of this 
speedy we understand, is lack of funds. 

5 


In fact, the balance sheet is rather alarming and 
unless the public comes forward with more funds, 
the work may be suspended in the near future. We 
warmly support the aiipeal which has been issued 
by the ^rrustecs of the fund for more generous 
response from the public of India towards the com- 
pletion of this gigantic task. It is said that the 
Mahabharaia text was dictated bv the sage Vyasti so 
fpiickly that rmly the Uod Oanapati (or Lord of 
Hosts) could pen it down Probably this is a camou- 
fla.ged version of the fact that a large number of 
penmen were rc(iuireil to write down the text 
originally. In finding out the real text, a large 
nuinlKT of editors is needed from the very- nature 
of things but a morphological analysi.s of the text 
is N'cry triuch desirable. 

The Date of Kalidas 

In the Sajj^pur f^nircrsiiy Journal of Deceml')er, 

1 939, Afr T. J. Kedar, the Vice-Chancellor of the 
University has taken up the never-ending theme of 
the Birth Place and Date c)f Kalidas, the greatest of 
Indian poets. It is a matter of great regret that 
the idea of chronology was the weak ])oint of ancient 
Indians and the dale of Kalidas according to differ- 
ent authorities has varied iKdween the first century 
B. C. and the sixth century A. D. lie has been 
assigned to the period just after the Sunga 
Kings at the earliest and at the latest to the 
time of Yasodharman Vishnuvardhan of Malwa, 
^who in an inscription dated 54f) A. D., claims 
to have routed the Huns. But of late, the 
tendency has been to assign him either to the 
time of Chandragupta II (382 -413 .\.D.), or to 
Skandagupta (455 — 472 A.D.), both of whom Ixjre 
the epithet of Vikramaditya. Mr Kedar examines 
the various claims and in the absence of historical 
data supported by monuments and inscriptions he 
probes into the Kalidas’ accredited writings and 
conies to the view that he must have lived in the 
first century B.C. after the end of the reign of the 
Sunga Dynasty. In fact he is in favour of the 
hypothesis that he lived at the court of a real Vikra- 
niaditya of Ujjain about 57 B.C. This view has lieen 
put forward earlier, but from entirely different points 



344 


vScrENCE AND CULTURE 


Vol. VI, No. r 


of vieu’ hy Professor Kshelrcsli Chandra Chatto- 
padliyay of Allaliahad University and still earlier 
1 )V Professor Stcii Krmow. Professor Chattopadliayav 
refers to the remarkable similarity in literarv 
passasres in the writiiiiis of Asvashosa (the Jliuldhist 
poet of the first c'eiitiiry who wrote in verse the store 
of rcmineialion of Ihiddha) and Knlidas, and eaitu* 
to the conclusion that the former (Asva.uhosa) must 
have copied from the latter (Kalidas). Professor Sten 
Konow bases his theory on the Jaina tradition that 
a certain Vikramaditya expelled the vSaka intruders 
alxMit 6o Ik C. from Ujjain. Rut these views have 
not yet found favour with the historians. The 
chief reason bein.e (hat inscriptions distxivered hither- 
to have not \ct iwealed a single instance where the 
era, now known as the V'ikrama Kra, was called by 
this name before the eijrhth century, A.D., and no 
inscript ional re('ords of Vikramaditya of the first 
century R.C., rei^nin.e at Ujjain has been as yet dis- 
covered. I{arlier it was known as the Krita I{ra, or 
alternatively as the lua of the ]\Ialawa people. 

Mr Kedar shows that Kalidas shows such 
intimate knowled.ee of the .i;eo.eraphy of Central 
India particularly of the Ujjain re.eion that he 
must have known it intimately, i.r., he must 
have hailed from this re.eion. Secondly, he shows 
such an intimate knowlcdire of (he palace intrimne 
of the earl>' Suu.e,a Kin.s’s of Vidisa, that he 
could not has'e been far removed from their times. 
He therefore positively declares in favour of the 
5b R.C. theory. We have in Greece seven cities 
claimin.e Homer, but we have here seven centuries, 
clainiinj' the .greatest iioet of India. We styeftcst 
to the Oriental Conference to hold a symiK)siuni on 
the subject, with a view to comiii.e to a definite 
decision, if possilde, on the available records. 


Satakarni Chronology 

T\ the Journal of the Royal Asiatic vSociety of 
Ren.i;al (\’ol. lO.^o) Professor K. P. Chattopadhyay 
returns to his theory about the chronology of the* 
Satavalianas, which was first proiiounded by him 
nearly years ago in the /. R. .1. .S. R, This 
chronolti.gy of ancient India is still far from being 
settled but tio problem had iireseiited a more hope- 
less maze than the present one. The Puranas assigned 
a period of 455 years to this dynasty and tlic number 
of kin.gs in the dilTerent Puranic lists varies from ig 
to 30. From inscriptional record, the dynasty ap- 
pears to have ended about 200 A.D. and if the whole 
455 .vears is to be assigned to them, it ought to have 
its beginning about 250 R.C., that is, before the end 
of Asoka*s leign. Rut all the Puranas uniformly 
testify that the dynasty was started after the fall of 


the Kanvas, that is, about 70 R.C. Many theories 
have been advanced to solve this tlifficuUy but fee 
have given complete satisfaction. Professor Chatto 
[)adhyay holds that the dynasty coni])riscd two lines 
one of which reigned over an old ancestral kingdoii: 
and the other over a conrjUered reahri. Succession ti 
the thn)ne was fnan mother’s brother to the sister’' 
son. Also the two kingdoms were conncctcxl by main 
monial relations (cross cousin marriage) and usuall\ 
the son of the reigning emt)eror was appointed to th- 
rulership of the later kingdom by virtue of hi^ 
mother-right. He is thus f)f opinion that the i)eiio(ls 
<if reign of tlie princes reigning in the two capil.ils 
have been added to.gether thus givin.g the large tot il 
of 450 years while actually the time period duriiiL 
which the main line fiourished did not probably l\- 
ceed 500 years. Xk'irioiis objections have been lakLii 
to this theory by different historians notably by Pro- 
fessor H. C. kaychaiidhury but Professor Chalto- 
patlhyay appears to have i)roved to his satisfacliui! 
that this theory is substantially cc»rrect. 


The Netherlandes Indies 

Ix the (M'cgrd/’/i/ca/ Rrvicu' of A])ril, u)) 
Mr J. M. Rroek of the Tbiiversity of California giW' 
an interesting account of the economic develo]>Mk'iii 
o| the Xetherlandes Indies which may be read witf 
great jirofit by peojjle of this country in view ol 
the great political changes taking place in the pieseiii 
times. In India we are harilly conscious of the fact, 
that of the Ibiropean nations, who once contend <1 
lor the pf)SSession of India, the Dutch still 
(he largest arc-a next U. (hat (d’ Rritain. In f.ii l, tl: 
Dutch are very proud of Ihrir India. Of the 
of islamls, which form Xetherlandes Indies, tli. 
islands of Java and Madura are \ery densely pni)ii- 
lated and are known as the Inner Provinces in di- 
tinction to the Outer Provinces comprising J^umatM, 
Rornco, Celebes and other smaller islands. Mr Rmck 
gives a very interesting account of the economic 
changes in the different parts. It api)ears lint l!k 
inner provinces have reached almost saturation iM»ir.t 
in economic dev'elo])ment and jwpulation, and mw 
the jieople are migrating towards the sparsely poj'ii- 
laled outer ijarts. The .stajde means of livelihood "l 
the p<jpuIation is agriculture but the enterl)Ti^ia.■ 
Dutch have in this respect gone in some (joint- 
beyond their Fnglish i)rototyi)es in Rriti.sh India, l"i 
they have dcvcloiied many agricultural industrio"; oii 
a wide scale, chiefly for exjiort. These are cliielb 
sugar, coffee, palm oil, cocoaiiut products, riiblnr. 
cinchona. In fact, at one time Java sucJldied tik 
whole of India with its sugar but with the devel''!'- 
nicnt of the industry in India the Java sugar 
has uiidergoiie marked decline. For cinchona, In«ii'» 
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s slill dependent largely upon the Java pnatnot 
liraiuh India offers iiiiHiue oppoiinnilies which haec 
.,>1 yet been fully taken advaiilaj^e of. 'riic <lilTer- 
.iit provincial governments in India may lake a lesson 
■ roin the Dutch government because* none of them 
lias completely studied the i»ossil>ililies of starting 
, ^ w agricidtnral industries in India. Java is further 
icli in minerals. It produces ,V4 l>er cent of the 
vDild’vS total of petroleum, and the eastern countries 
to a large extent depeinlent upon Javanese 
sii]iply. The outer proviiuvs are still mostly un- 
V xploretl, but they are attracting the notice of the 
iMpitalists. They are mostly covered witli dense 
Imests containing large amount of economic ]>rodutAs 
;iki‘ timber, resins, wild rubber, bee-wax, and the 
Liilerprising Dutch Koresl wService has got a com- 
liielieiisive scheme of development. We learn from 
ihis paper that for a long time Java was the main 
l-rofit area and remitted large sums of money to the 
Netherlands. Hut during the last .V) years the 
‘1 linden of the Dutch Ibniiire’ has been shifting to 
the outer firovinces. The natives of the Java have 
however shown very little enterprise in the iudus- 
trialis:ilion of their country ami sometimes the Duteii 
jieople advertise this fact as an argument in favour of 
iheir eoiitinuanoe on the island. Hut geiieralisiition 
of this theory of iiermaiieiitly imposing one nation 
o\er another is rather loo dogmatic. The superiority 
of the Dutch, and for the matter of that, of the 
Western peoples, is not their exclusive inopcrty. For, 
another b'aslern people, the Japanese, have shown 
llieiiiselves to be as niiieh eiiteriirising and agressive 
as any W’esterii people. 4 'hey are now elaniouring 
for their I .tbcnsniuni, which will have to be foinul 
liossiblv in eastern and sontli-easterii .Asia. 


Alleged Discovery of the Klement No. 85 

Wk learn from the Sricm'c that the Swiss 

I iiivevsily Press has published the account of the 
Jilhged discovery by Dr Walter Minder, Chief of the 
k; ‘liuin Institute at Herne, of the missing element 
N5 in the PericKlic Classification. Dp to the time 
"1 u riling, three elements in MeiideleelT’s Table have 
""t been discovered with certainty. These are Xos. 

'^5 and S7. Of these, \o. Pi has been claimed to be 
hisL’overed by an Italian and an American, but their 
"lory of discovery has not yet f«)und general credence. 
I'b iiiciit Xo. S5 which is claimed to have been dis- 
is analogous in properties to iodine and may 
b' called radio-iodine. It has been obtained as an 
' ’ i nrity in radium to the extent of i/if>'HM:>th of a 
■' bgram. It has been christened llelvetinm in 
ii'»iir of vSwit/erland . The story so far given is so 
i.grc that people must wait for further details 
“a* they can be i>er.suaded that the claim is a 



genuine one. Klement Xo. S; which is similar t<j 
caesiuiii in its jiropcrties ami would Ik* an alkali is 
also .still missing, though claims have been made by 
several w<jrkers. A niiinl)er of leading scientists are 
of view that the missing eleiueiils Oi, S5, S7 are 
unstable from the very nature of llicir miclei and 
therefore cannot occur in nature. 


Quater-centenary of Copernican Theory 

Mx\cti,y four centuries have elai)sed since the 
1 ‘olish aslrononier-monk, Xicln)las Coi)ernicn.s, re- 
vived the theory that the earth and the planets 
revolved round the .sun as centre. We say revived, 
becaii.'si* the Habylonian Selucns (who lived in the 
third century before Christ and was mg a (iieek in 
si)ite of his name) and somewhat later the (ireek 
sjige, -Vristarchiis vSaiuos actually p!'oiX)iin(]ed this 
thetny in the .utl ceiilury H.C., luit it was rejected 
by Ptolemy (150 A.D.) whose lead was followed by 
other a.slroiioiners. Hut as ol)seiAati()iis multiplied, 
tile Ptolemic theory was found more and more uii- 
tenalde and liad to l)e supi)lemeuled by making the 
planets move on subsidiary idrcles (epicycles and 
dcferreiits) till the whole thing became so complicated 
that an astroiioniei-king, .Mfoiiso XII I of Castillo, 
remarked that if he were present at Creation, he 
would have advised Cod to make His system simpler. 

liorn on I'ebriiary ig, 147%, Copernicus studietl 
at the Tniversity of Cracow and after three years, left 
for the University* of Hologna in 1406, where his 
special siilijects of study' yvere astronomy and mathe- 
matics. Coj>eniicus found that the simple heliocen- 
tric theory ga\'e a far belter explanation of the move- 
ment of planets. He came to this conclusion in 
1500, Imt he could not publish his theory for 
fear of oppo.silion from the Church and jiapal adminis- 
tration. In 15SO, hoyvey ei , Copernicus sent a brief 
account of his neyv ideas to his old teacher, John 
Schoeiier, at Xuremberg ; and his ’ h irsl Account' 
{Xarnitio was piililished at Daii/.ig in 1540, 

exactly 4i.Xi years ago. 'I'liiis he had to wait for 
more than forty years before he could publi.sh his 
iliscovery ; for, the truth w'as ‘contrary to Scripture’ 
yyhich said that the earth was the central Creation, 
and the lyvo lights were created to illnminute her, 
the bigger light, sun, to illuminate her during the 
day and the lesser one, moon, during the night. 
Later he decided to publish his entire work 'De 
Revolutionihus (hbium CA)clcstium' or ‘(hi the 
Revolutions oj the Celestial Curbs'. 'The first iirinted 
copy nf ‘ Pe Revolulionibus' reached Copernicus on 
May 24, i544» iKe day he expired at the age of 
scv'eiUy. Cniiously enough, his book was dedicated 
to the then Pope, who received it graciously, probably 
never suspecting its contents. Hut later the Ixxik 
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was pruscrihud and forbidden a.nainst teachin)^ it in 
schools and niiivcrsitics. Much of such oi>positioiis 
against science can Ik.* found in the life histories of 
Oalileo and Ikuno ; Bruno Ix-'ing burned at the stake. 

Copernicus is truly called the father of modern 
astronomy, and although his discoveries receiveti 
attention of the scientists and astronomers, no 
Knglish translation of his work has so far appeared. 
Ucceiilly, however, Mr Kdward Rosen’s English tran- 
slation of the Smralio Ptinui has l)cen imblished by 
the Columbia University Press. Were it not for the 
I^resent war, scientists in (Germany, Poland and other 
Kuropean countries might this year be celebrating 
the important anniversary of the Copernican theory 
first jiiade public in 15.10. We understand howevei 
that Mr Rosen has jilans to translate De Revolulioni- 
bus, and to issue it before ig43, the (luater-ceiiteiiary 
of its original appearance. 


Technical Terms in Indian Languages 

Thk problem of a common script for fiidia is 
fairly gld now'. 'Po give the least ofTence to both 
the Hindus and the Muslims a iiew' language 
*Hindustliani’ with an e-xtreniely limited vocabulary, 
bereft of nearly all »Sanskrit and Perso-Arabic words 
as used by the intelligentsia and in the books, has 
been suggested as the common meeting ground 
between Hindi aiul Urdu of today, Pollowiiig this 
w’ave of public enthusiasm, the medium of instruction 
in a number of universities has been changed to the 
regional languages but provincial patriotism has so 
long stood ill the way of finding out a lingua franca 
for the whole country and also a script for that. 

Mr K. P. Sagreiya, silviculturist at Nagpur has 
recently devoted inter alia much thought t(» this 
problem in his article 011 Translation of Technical 
P'ore-stry Terms in Indian languages in the Indian 
Forester of October, 1940. Already for teaching 
(even in colleges up to the highest degree in 
Hyderabad) translation w’ork has been done by 
Osmaiiia and Calcutta Universities, (Uirukul Maha- 
vidyalaya, Hindi Sahitya vSammclan (Benares) and 
also indirectly by the journals Vijnan in Hindi from 
Allahabad and now defunct IWakriti in Bengali from 
Calcutta. 

The new language Iliiidustliani as the via media 
between modern Hindi and Urdu being primarily 
designed as the spoken language is inadequate for 
literary .or scientific purposes, and it is exactly at 
this point that ihe divergence comes. There is no 
difference in the language, as used by a Hindu or a 
Mahomedan of U. P. for ordinary purposes of life, 
but when required to express higher thought, the 


Hindu falls l)ack on Stiii.skrii and the Mahomedii: 
on Arabic and Persian. The correct line ( 
approach to this serious obstacle of multiplicity ii 
scripts and undeveloped languages, in the path • 
educational progress will not be l>y imposing a mad. 
to-order language, viz., Hiiidusthani. Mr Sagrci\ 
while dealing with the problem of translating il;, 
scientific terms has suggested the harne.ssing of tlu 
tw o main languages equally in this task iinniedialelv . 
He has planned a bold stei» ^iiid insists on every cliiM 
being taught two syiiouyins for every P'nglish word, 
one derived from Sanskrit and the other from Persn 
Arabic, besides the corrcs[)onding equivalent in llic 
regional language (which so far as technical leniN 
arc concerned will in go cases out of 100 he eitlur 
the one or tile other, for instance, king meaning Ktim 
and Hadsliah, and country meaning Desk atid Mulk] 
Every one wdll have the freedom to use one or Hk 
other or scmictinies one and at other times the otlivr 
according to his liking, but we should insist on lii^ 
understanding and recognising the other ofiuivalein 
used by some one else. For tlie present, we think 11 k 
( liiestion of Hindi vs Urdu may be solved SJitisfactorily 
in this manner without wasteful public agitation. 
Mr Sagreiya’s suggestion is r|uite ingenious and will 
!)e very helpful in the transition period. Willi lapse of 
time we believe the duplicate list of words will paw- 
the way for a single comprehensive list throughout 
India, and each word will be incorporated, specially 
for teaching and writing [mrposcs, r)n its merit f)l‘ 
accuracy and simplicity. The best word will survive. 
At one time, there were 72 words used for gas, hnl 
the w'ord *gas’ (which sonic say w'as derived from 
chaos) has survived on account of its simplicity. 

The advent of industrial Revolution and lliv 
development of printing presses in other lands had 
very little effect on the different scripts existing 111 
our country. These remained neglected without any 
atlemi>t at their developiiieiit. vSotne of the oriciit.il 
scholars in the foreign countries for the convenience 
of making available their studies to llie readers 
adopted the Roman alphalx,*! with various .signs lor 
transcribing the different Indian languages, 'i'here 
should lie no false sense of national vanity and of 
sanctity of our ancient culture while discussing aboni 
a common script. The Germans have discaidcd 
Gothic in favour of Roman alphabets. vSimilarlv , in 
order to have more intimate international iiitercoinst 
the Turks have also taken up the Roman .script lor 
their language. We are also in favour of 
adoi)tiiig the Roman script (see Sciknck and Ct’i.- 
TURg, 7, 117, 1935-36). 

The International Congress of Orient a'dsls 
at Athens in igi2 adopted a scheme of t rails' 
criptioii of all Hindi .sounds in modified K< *aari 
script which is still the only rational and satisfat torv 
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inelluHl for transliterating vSanskrit. Mr vSagrciya 
liowever has suggested a modification in this method. 
He claims that in adopting his .system for expressing 
modern Hindi sounds only .t; symbols will be neciletl 
,is against over 200 different types at i)rcsent used to 
correctly print Hindi in the llevaiiagari stTi]»t 
(I'lecause half-consonants, conjunct-c'onsoivints and 
\owels-iii-coinbination-wilh con.^oiiants change their 
lorm altogether, and besides linear composing as is 
ilie ca.se with the Roman st'ript in Hindi, parts have 
also to be inserted above and Inflow the line). The 
;i!x)vc script has been also adapted by him for typing 
by u.sing the signs of colon, accents etc., in the 
ordinary present-day typewriter. 

Mr Sagreiya has prepared this modified .script 
and has suggested uniform translation of technical 
terms in the two principal languages of the country 
lor the immediate convenience of his forest staff and 
ilcsires that a start in this direction may be made ai 
ilu; next session of the All-India Silvicultural Con- 
b rence. vSome work on the subject has already been 
done in the Punjab where a committee of forest 
ofl'icers has been fornietl to prepare a glossary of 
technical forestry terms in Urdu, (vide item 10 of the 
Piinjal) Forest Conference, 1939), who are pioeceding 
in the task with the help of Osniania University. 

Cyclone at Bombay 

Ax account of the recent Bombay cyclone and of 
the warnings issued to ports on the west coast has 
recently been released by the l)irector-( icneral of 
Uliservatories, Poona. The charts prepared at Poona 
fnmi the daily routine ol)servations of 8 A.M. and 
S n.M. gave indications of the impending foul 
Weather and accordingly during the progress of 
tile .storm siiecial ol>servations from selected 
stations were also callcnl for. But it was necessary 
to infer positively the weather out over the 
Arabian Sea. If the observations made at the 
observatories along the west coast of India 
were supplemented by observations from steamers 
It sea, the forecasting cxiuld have been ini- 
I 'loved and the terrifying nature of the depression 
Cl mid have been appreciated in time. Due to exi- 
gencies of war the ol>servations out in the sea were 
not available on the present occasion. The develop- 
niciit of the storm out at sea was therefore 
judged from its secondary effects and the positions 
"1 the centre estimated approximately. Though 
"^’guals were augmented by special observations, 
'uifortunately the last signal arrived in Bombay just 
^ hen it was experiencing the strongest wdnds of the 
'‘!orrn. The meteorological warnings, it should be 
lotcd, can at best be circulated aher three hours 
the time of observation. This is due to the time 
biken by the observation telegram to reach the fore- 


casting centre, the lime taken for decoding and plot- 
ting the observations on the cliarts and la.stly the 
time rcipiired for analysing the charts before the 
nieteorologisl can decide upon appro] niate warnings. 

The origin of the storm is traced Id a feeble low 
pressure wave from the Coromamlel c«»ast (where 
conditions were im.settled on Octolier 7) to the 
Arabian Sea. This movement gave indications of a 
spell of llnindery weather off Malabar, Ranara and 
Konkan on October 8. On tbe evening of October o 
conditions seemed definitely unsettled off the 
Malabar-Kaiiara coast. On October lo a depression 
was believed to have formed with centre out at sea 
within two degrees of bat. 13°, bong. 70° (a jio.si- 
tioii little over 120 miles south-west of Bombay), 
which on the evening chart of the same day, was 
centred within two degrees of bat. 14° and bong. 70° 
and was moving in some northerly direction. These 
conditions reigned for the next day. On October 12 
there were imlications of a weakening of the depres- 
sion, which continued till October 13. But next 
morning conditums reversc-d and became markedly 
unstdtled off the coast from Katiiagiri to Mangalore. 
Towards the evening a depression seemed to exist in 
the east central Aralnan Sea. 

Special r)bservations at 2 \.m. were asked for 
from a number of observatories on October 15 in 
order to watch the situation. On the 8 \.m. charts 
of that <lay it was announced that the. depression 
had moved much nearer Bombay and was moving in 
north-easterly direction. The lo i*.M. chart indicated 
the .storm centre to be still nearer Bombay but it 
was then thought, in tlie ab.seiice of any data from 
ships at sea, that the moveiiieiil was towards the tiulf 
of Cambay. The direction of the movement changed 
quickly and the 5 I’.m. chart showed that the 
cyclonic storm, at that time of small diameter, 
with hurricane force winds at the core was 
rushing towards Bombay. This storm-centre 
passed just to the west of Ikimbay on its north-east 
track and in course of the day cros.sed the coast 
s<-)ine 50 miles to the nt>rth of Bombay. It was inland 
.near Surat by next morning. From the moment 
it crossed the coast the storm weakened slowly into 
a depression, but after reaching Surat it remained 
stationary for three days. This halt of a depression 
over one position for so long is mo.st unusual. It 
tilled up finally in situ by the morning of October 21. 

Migration of Culture to America 

When the Ottoman Turks under Mohammed 1 
con(|uered Coii.slantiiioiile in 1433, and piit an end 
to the Byzaiitian Empire, there was a general exodus 
of scholars to Western Kiiroi)e, notably Italy and 
Oermany. It is usually Ixilieved that these scholars 
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hrouKlU with Ihciii a kiKiwlciljuc »)f (ircck literature, 
pliilosophy and seieiice to a barbaric Fiirope, and 
made it poSvSible for the eayer souls oi bauojie to 
drink Hi st , hand at the fountain source of Creek 
kiiowled.ue. This ultimately led in the jureat move- 
ment known as the Renaissance. 

vSince the beginnin‘>: of the present war, there has 
l)een a.eain an exodus of learned men and scientists 
on an almost etpial scale from warstricken b.urope to 
the i)eacefnl I’liited vSlates of America. Prominent 
amonj;st such scholars are : 

Alliert b'iiistein (now a U. S. A, citizen, and 
professor at Princeton, Nobel Laureate) ; 

II. Ihuniiiii (Hitler’s predecessor in office) ; 

Thomaii Mann ((jerman author, Xobel I^aiireate) ; 

Werner Jaej^er (Classical scholar) ; 

Martin Wa.ener (City iilanner) ; 

Walter Cnopius and Marcel Ikeuer (Architects) ; 

James Franck (])hysicist, Nobel Laureate, 
formerly at ('lottin.uen, now at Chicaj^o) ; 

Ibirico Fermi (Italian physicist, Nol^l Laureate, 
formerly at Rome, now at the Columbia 
rniversity. New York) ; 

Hruiio Rossi (Italian jihysicist) ; 

Otto Stern (Oerman jHiysicist) ; 

Peter Debye (Dutch physicist, but professor at 
Herlin, now at the C’ornell Fniversity, Nolx.*l 

Laureate) ; 

Oiiisepi)e Horeese (Italian noveli.st) ; 

I- Il'ich A Middled(jrf (Art teacher) ; 

Spiro Kyroiioulos (tierinan-born ; carrying on 
important research on oil. Now at Califor- 
nia Institute of ’rechnoloyy) ; 

Arnold Schonberg (CoiiiposLT, now at the Uni- 
versity of California at Los Angeles) ; 

Otto Marburg (Viennc.se neurologist, now at 
Columbia University) ; 

I'ernando ile los Rios (once Spanish Ambassador, 
now at the graduate faculty of Alvin 
Johnson’s Institute) ; 

Itrwin Piscalor (one time director of Berlin’s 
People’s Theatre) ; 

Fritz Lachinann (Kconomist) ; 

Bertrand Riis.sel (Fngli.sh mathenialician, philo- 
sopher, and man of letters. The American 
papers announce that he is going to take 
U. vS. citizenship) ; 

Ivor Armstrong Richards (Linguist, now at 
Harvard University) ; 

Bronislaw Malinowski (Anthropologist, now at 
Yale University) ; 


Alvar Aalto (Finnish architect) ; 

Lancelot Hog ben (an Fnglish scientist, who wroi. 

‘ Mathcmalics for the Miltions*. He was op 
a lecture tour to Norway when the couiUiv 
was invaded by ('•ermany and escaped with 
greiit difficulty with his e(iually famous wih 
Dr I{nid Charles, a statistician, to Russia 
and ultimately to the U. S. A. He hps 
expressed a desire to stay in the Stales it 
he can get a job). 

’Phis list gives information only about a few i*l 
the large number of eminent scholars who ha\^ 
found a home in America. So far, it seems to l>'. 
only a one-way process. During the last war, tlu- 
Knglish writer Houston Chamberlain, a champion oi 
the siiineinacy of the Nordic race, liecanie iiatui.i- 
lized as (lermaii, but in the present war, no exainplL 
of any notable Fiiglishmaii becoming a C'lermaii 
an Italian has been yet known, unless we exceiti 
that mysterious i)er.souality of Lord Haw Haw. 


Automatic Weather Reporter 

Fou the last eight months an automatic wealliei 
.station is functioning at an U. S. Naval Air Station. 
The station utilizes the same principle as the radio 
sonde. The radio sondes are used in unmaiiiK-d 
balloons which give weather information of ui)])ei 
air, at heights which even stratusphere-nying air 
jdanes cannot yet achieve. The radio sonde tiaiiv 
niits <lots or dashes and the records of these in n 
receiver are later interpreted in terms of baronictrie 
pressure, air temperature, and relative humidity. 
The wind velocities and directions are found l>v 
visual inspection or radio bearings. 

The new weather robot, fit for .stationary iiLstalla- 
tions, is designed to transmit meteorological iiifoniia- 
tion at iiredeterinined intervals. The variation in 
the meteorological element is converted here into a 
change in resistance which in turn produces a 
change in nuKlulation frecinency. 'Phe esseiitinl 
difference from the radio sondes lies in the use of 
much lower frequencies, o' 15 to 3 0 cycles 
second. The station is eipiipped with a i.s-watt radio 
transmitter with battery power-supi.)ly. The stamhnd 
designs of each of tjie pressure, humidity and rain 
gauges have been i)rovided with a relay-operated 
clamping bar which fixes instrument pointer against 
the erlge of a wire- wound resistance and the instrn- 
ment deflection is converted into a resistance varia- 
tion. When no observation is transmitted, die 
pointer swings freely. The temperature element 
a glass capillary tube filled with an electrolyte ha\’in.u 
a high temperature co-efficient of electrical resistaiuv. 
The resistance of this device is a function of 
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nrr()Uticlin.u teiiiperatiire. The wind direction iiidi- 
> ilor has got eight contact segments corresi)oiidiiig 
[-) the eight principal compass points. A different 
:\cd resistance is connected to each segment and is 
',!irown into circuit when the wind vane assumes 

iliat direction. Intermediate directions are indicated 
..11 a jiroportional basis by the successive contacts of 
iIiL- wind vane (due to its oscillation about the 
average direction) wdth the adjacent i»rincipal vanes. 
Tilt* wind veli^'ity indicator is a standard commercial 
( lip anemometer with the “take off” contacts stei)ped 
ii|) by a factor of four so that four contacts ]>er 
iiiimite correspond to one knot. There is a modula- 
ting e(|nipmeiit for keying the radio transmitter at 
a rate deiieiiding on the value of the i>articular 

variable re.sistaiice in circuit. An automatic control 
((juipmeiit connects the instrument resistances into 
liicuit in a definite sefjuence and identifies the 
several observations by appropriate code letters. A 
liniing clock starts the eiiuiinnent at scheduled 

times. The average errors obtained in the mcasnre- 

iiKiits are exceedingly small and the advantageous 
I eat me is that any field crew may receive these 

iibservations by means of an ordinary radio receiver, 
lu-adpliones and a stop watch. Full details will be 
found in the August issue of journal of Research. 


Madras Government Museum 

I’nder the superintendence of Dr I'. II. Grav’cly, 
.11 inipfirtant extension to the ('loveriiineiit Museum, 
M.'idras, has been completed and opened to the 
I'liblic. Its main function is to give stiitable expres- 
''i' 11 to the evolution of the decorative motifs of the 
Mivliitecture of the inignificeiit temples of South 
India. For the Tamil cxmiitry, these changes form 
-n interesting and logical .sequence. 'I'lie temples 
ol »)ther parts of India differ from those of 'raniil 
origin and in this section attempts have been made 
to indicate the succession of changes that has taken 
I'lace during the coiir.se of ileveloi>inent of Tannl 
aivhitecture. 


Racial Characters in Ancient India 

Dk Wn/i'oN M. KROf'.MAN of the University of 
^hi( ign, li'is |)ublislieil the result of exainination of 
‘‘ ‘'hnll Irom Chanhu-daro, a site of the Indus valley 
'1' ilisatioii in Northern India. The skull is that of 
'oiiiiM woman and w’as placed in a jar after 
‘ apitation. Tt is surmised that it may have been 
t 1 .t of princess or priestess. Tt was found in the 
jM.ise of the excavations carried out by an expedi- 
of the Boston Museum of Fine Arts and has 
•i' ll dated as belonging to a period some five thou- 
ago. Dr Krognian*s report indicates a 
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combinatif>n of characters usually to be assigned to 
diverse racial types. There are such Negroid charac- 
ters as a flattened head vault, broa<l nose opening 
and low eyesockets with Caucasoid features, such 
as narrow nasal bones, small teeth and narrow dis- 
tance between the eyes, as well as in the shape of 
the palate. Mis conclu.sion is that it represents a 
“Proto- .Mediterranean tyi)e in which anceslial Negro 
traits have inanife.sted themselves”. Dr Krogmaii 
sugge.sts that the ni(ulern Mediterranean race ma\' 
once have had a mixture <)f Negroid blood which ha*; 
since been eiadicated. 

Lac Research 

KksUvrcii work carried out at the Indian Lac 
Research Institute and the London Shellac Resc‘arch 
Bureau during the year lo'^o-.p) shows that greater 
emphasis has been laid on the practical applicatirm 
of the results of exi>erinients. The Indian Lac Cess 
Committee’s annual report for that year, states that 
the outbreak of war rcsidted in a rai»id <levelopmenl 
of the activities of the London Bureau ow’ing to the 
demands of the Defence Departments for various 
types of luminous and black-out p.aints, coating com- 
position for anti-gas clothing, a (piick-setting cement 
for metals, a flexible and grease-proof coating for 
rubber surfaces, a ciuick-drying oil-resistant paint for 
metals, and a (piick-drying sea-water resistant paint. 
The i)rocess of hot-spraying of lac, worked out iti the 
London Bureau, promises to open uj) commercial 
possibilities. Full details of this have l>een published 
in lUilleiin \o. 3 of the London Shellac Research 
Bureau. 

b'xperiinents aiv in progress at the Indian Lac 
Research Institute for the pnxluction of modified 
shellac ])owtlers for the moulding industry. I'he use 
t»f these powders ill the making of electro-technical 
goods and a variety of cjiiimion household articles 
will open up a considerable field for new industries. 
Practical details have been formulated for the manu- 
facture of plastic moulded articles, motor car finishes 
and stoving enamels from shellac. A number of 
exi>erinients have Ix'en designed to minimi/e the use 
of inii»orted materials in the processing of shellac for 
these Hew iinliistries. The Lac Cess Coniinittee has 
eiitva'od into an agreement for co-operative research 
with the India .Moulding Coinjinny, Calcutta, wdu'ch 
will be helpful to investigate the ])roces.ses under 
actual commercial conditions. 

Buddhist Manuscript at Lauriya Nandans^arh 

In the e.xlreiiie innth of the province of Bihar at 
Lauriya Nandangarh a pillar of the B'mperor Asoka 
was excavated some xears ago in almost cotnplete 
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preservation. The i>illar marks one of the sites 
of the pious kind’s visit from his capital near Patna 
to the birth-place of IhuUlha. The name, 'Laiiriya*, 
strictly applies to the village near the ‘laur’ or ‘pillar*, 
on the nei.tAhI)onrhoo(l of which a nuinher of mounds 
were some time aeo examined by tlie Archacolojrical 
Department ; and Xandangarh is the name of a large 
garh nr fort, lying at some distance from Lanriya 
and thickly covered with j\ingle. A stupendous 
moiinnient discovered here is utiecinalled f<n‘ its size 
and is possibly the earliest prototyjie of the architec- 
ture of the Ihirmese and Malayan stupas and the 
well-known Jlorabndnr momimetits in Java. The 
l)laii of the moiinmeiit is a huge square cross with a 
nnmlxr of projections in between the arms of the 
cross. As in the great temi)le at Paharpur in llengal 
there are alsr) several terraces rising one above the 
other. The evidence of the finds shows Faharpnr to 
be much later in date than the Xandangarh mound. 
On the assnini)tion that the monument must have 
been erected by the Huddhists, a shaft was dug in the 
centre ami at a depth of some :\() feet from the top 
a comjdete sliipu, a miniature of the exterior of the 
monument, has been uncovered. This is surrounded 
on all sides by a low idatform at the foot of which 
has been found a copper casket containing a strip of 
white muslin with fragments of a birch-bark mami- 
.script and small pieces of wood and carnelian beads. 
As the manuscript had been forced into the casket, 
it was found impossible to open the individual loaves 
without breaking. 'Pliese have been found to con- 
tain certain Buddhist texts written in characters of 
the .ud-4th century A.D, Tt ai)ears that the ori- 
ginal monument was several centuries earlier than 
the casket and the nianuscrijit with which it was 
apparently reconsecrated at a later date. The present 
find is, ini[>ortant, being the only one from eastern 
India wherein an original manuscript has Ixen re- 
covered. So far all such discoveries have been con- 
fined to the north-west parts of India. 

Indian Students in Great Britain 

Tiik Rciv)rl on the work of the Kdiicatioti De-* 
I>:irtment under the High Coinmi.ssioner for India 
for the academic year ending ,^oth Septemlxjr, iq^g 
has just been published. There were over 1500 
students, and their academic, athletic and other 
records were cpiitc satisfactory. Over 6no students 
were engaged in research and 300 pursuing courses 
in various branches of engineering and technology. 
Al-KUit 100 were studviiig agrioidtnre and veterinary 
science. The vSccrelary of the Department has again 


drawn attention to the futility of sending boys will 
the sole purpose of .securing a better Service appoint 
nient. He lays stress on the personal qualities o: 
character and steadiness, in addition to education i 
(lualificatioiis, which .should guide the guardians 
Another point in the report deserves serious coiim 
deration. The number of full-time students in tli. 
faculty of medicine at the different universities w:i. 
474. Medicine has all along attracted the larg\-t 
uumlK-r of students but it is to be regrtitted that tli.. 
spirit of scientific emptiry has not Iweii found in 
mo.st of the persons who have returned bedeckid 
with a number of degrees and with the membersliii) 
of various colleges. vSome even begin their medinl 
<X)urses in Oreat Britain but few have been rct)ortul 
preparing specifically for some research course. T], 
till now very few students, if any, have been fomnl 
to take nt> research in a field largely untapj)ed in this 
sub-tro])ical e«>untry. The Rei>ort informs that Uk- 
Royal College of Surgeons, Kngland, has decided to 
grant in principle recognitiiiii of resident snrgieil 
pi)sts held at Indian hosjulals not associated with tlu 
universities and medical colleges in India, for the pur- 
pose of satisfying the relevant regulation for admis- 
sion to the Final F. R. C. vS. examination in LoikUmi 
The InstiliUif>n of Mechanical Kngineers has .also 
decided to lecognise the engineering degnvs (>!' 
Benares Hindu nniversity and of Bombay TTniversily, 
and exemj>t the holders of such degrees from ptirt II. 
section A, of their Associate .Meinbershio exaiiiiii.i- 
tion. vSo far university education is concerned tliv 
facilities are fairly satisfactory Ihougli the utility cf 
it for each of the boys that now go is doubtful. 'Plu- 
opportunities for ])ractical training are howewi 
meagre and we shall 'hscuss alnjut it in a siibsequeiil 
issue. 


Announcement 

A i,.\Rc;k cxjUection of rei)riiits, bulletins, meiiiniis 
etc. on mycology and idant pathology has receiitb 
been pre.senled liy Dr B. B. Mnndkar of the Imperinl 
Agricultural Research Institute, Delhi, to tlu 
Fergu.sson College, Poona. The collection consists 
of alxHit 5250 publications, besides complete sets <>f 
'Mycology* and 'Phytopathology’, and several 
lK>oks on these subjects. T'he collection is speciall> 
rich in the works of American, Finnish, Swedisli, 
German, Swiss, Italian and English inycolt)gii^t‘^ 
and plant pathologists, and for the present vill 
remain with Dr Mundkar so that he can usi d 
in his investigations. 



Science in Industry 


Transferring Heat in Chemical Processes 

I^'oK hoalin^i a siilislaiice the source of heal 
slioiiUI be at a higher leiilperalure than the substance 
lo be lieated. By means of direct firing, where the 
Ik-at is transmitted by radiation, or conduction and 
roiiduction-convection from the flue gases, materials 
laii be heated to a very high temperature depending 
(Ml the temperature of the furnace. But in many 
1'lu‘iiiical proi'csses, where a close control of heat is 
(if utmost imiK^rtaiice, heating by direct firing is un- 
-iiilable. For a closer heat control, a medium is 
ikivssary, which, after receiving heat from the 
fuiiiace, is circulated through coils and pipes and 
li.iiismits heat through them to the substance to he 
lien ted. 

^TcKlia for low temperatures are many, but heat 
transfer media for higher temperatures have alw’ays 
pivsented a serious prolilem to the chemical engineer. 
Sk-aiii, water, flue gas, and air are the most widely 
used and cheapest heat -transfer fluids. The boiling 
point of water is ioo®C. or 2T2®F. at atmospheric 
liressnre. Now if a substance is to be heated to a 
Ingher temperature than this by means of steam, the 
l»niliiig point of steam is raised by raising the 
Mil)criiicnmbent pressure on it. Kven then, the 
upper limit for steam, so far used for heating pnr- 
l»oses, is 46 oOT<\ corresponding to a pressure of 450 
I'oiinds per srpiare inch. Although modern high- 
pressure boilers produce steam having much higher 
teniiieratnres than the above, their use for heating 
1‘urposes is mo.st unoconomicJil. Flue gas and air 
temperatures can be much higher and though their 
temiierature range is wide they have several serious 
drawbacks for use in many chemical processes, 
llieir specific heat per unit of volume and heat- 
Iransfer co-efficients are very low. Great volumes of 
eas are therefore necessary to transfer relatively small 
anumnt of heat. Furthermore it is difficult to control 
the temperature with flue gas and air and local over- 
heating is liable to occur. 

^fercury (boiling point 673°F. at atmospheric 
i la-ssiire) is, in many respects, an ideal heat-transfer 
Hu id for the temperature range above that of steam. 
But the cost is prohibitive and due to its high 
nsity the equipments to handle it should be heavy 
6 


and consccpicntly costly. M<)reovcr there are hazards 
due to to.xic vapours leaking through tlic .system. In 
some in.slallatioiis molten lead is used as a heat- 
transfer medium but its use has not attained any 
commercial importance. 

Hot oil, Dowtlierm and I ITS arc the principal 
commercial heat-transfer fluids now available ill 
cases where temi)erature of steam is iiisiifliciciit and 
in which fine gas is iiKqqdicable. The practical top 
limit for oil is soinewlial al>ovc S5o°F. and that for 
Dowtlierm (see vSciKNCE And Cui/ruRK, s. 207, 
1959-40), which is a mixture of 75 per cent, diidieiiyl- 
oxide and 25 per cent, diphenyl, is aijproximately 
7 oo°F. at a pressure of 155 pounds per sfiuare inch. 
Both the oil and Dowlherm are organic materials and 
they begin to coke and plug up pipe lines at 
temperatures higher than those mentioned aliove. 


Imf^ortant Heat-Transfer Fluids 



Usual 

Pressure 

lUind 

Temperature 

bb./sq. in 


limit.'i, (le^. 1'. 

(.Tauge. 

Steam or water . . 

32- 460 

0—450 

Oil 

30-550 

0 

Dowtlierm A (75% diplieiivl 

oxiile, 25^Ji, iliplienyl) ... 

54 700 

iY 135 

Mcrenry 

37- 1000 or 

0 180 or 

UTS 

higher 

higher 

290-1000 

0 

^Plue ga.s i»r air ... 

Up to 800 in iron 
durt.s, to 1(>00 in 
special alloys. 

0 


A molten mixture of nitrates and nitrites of 
sodium and [lotassiiim is known as HTS. It has 
very recently come into industrial use as a 
heating liquid. It consists of approximately 40 per 
cent. NaNOa, and 55 per cent. KNO* by weight. 
Similar nitrite and nitrate mixtures are being 
employed for many years in molten baths for the 
heat treatment of the metals and in small installa- 
tions requiring heat-transfer at a high temperature 



352 


SciKNCE AND Culture 


Vol. VI, No. i. 


level, blit was not of so iiuicli comnicreial importance. 
Now elieiiiical on.eincers arc nsiiiL* it on a large scale 
ill Hotnlrv process of catalytic cracking and refining 
of i)etroleijni. blxteiisive investigations into tlic pro- 
perties of siicli nitrite and nitrate mixtures were 
nnderlakon and finally tile above mentioned projior- 
tions of nitrites and nitrates of sodium and iK)tassiiim 
have been adopted because they have a low melting 
lrt)int of .?S8°F., high heat-transfer coefficients, a lack 
of coirosive action on steel at temperature above those 
obtainable with nowtherni, hot oil, or steam, and a 
good thermal stability. Depending on operating con- 
ditions, the upper limit for IITS seems to lie at pre- 
sent in the range of ooo to i loo^F, under atmospheric 
pressure. 

N. K. s. n. 


Transparent Fabrics Impermeable to Fluids 

AccoKHiNfi to a recent report a new process has 
been developed by the Imperial Chemical Industries 
for making fabric transparent and impermeable to 
fluids, and at the same time increasing their gloss. 
The process consists in impregnating the fabric with 
nondrying oil or seinidrying oil-modi lied polyhvdric 
alcohol polybasic acid resins in conjunction with urea- 
formaldehyde ('ondeiisation products. Silk or rayon 
fabrics are treated by iimnersioii in a solution of a 
.synthetic resinous conipositi<jn in a volatile organic 
solvent, volatili/ing the solvent at 70° to 8o®C. and 
subjecting the falnic to further heal treatment. If 
necessary the treatment is repeated. Plasticizers like 
dibntyl phthalate or tricresyl ])hosphate are used. 
The oil-modified pnlyhydric alcohol polybasic acid 
resins used are glyceryl phthalate resins modified 
with oil such as .soybean, sunflower, safflower, wal- 
nut, or pojijwsecd, the ])roportiou of the oil in the 
resin being from 35 to 55 ])er cent, by weight, the 
middle range, 40 to 50 per cent, being most usual. 
The modified resin, in which i>arl of the polybasic 
acid is replaced by monobasic acid derived from a 
nondrying oil used in the ])r()cess, is generally a* 
castnr-oil-modified glyceryl tdilhalatc resin. 

Dyed or printed fabrics as well as cotton fabrics 
are being treated similarly but the iirojwtion of the 
chemicals and the treating temperatures arc different 
depending on the nature of the fabrics. It is claimed 
that the new t)rocess eliminates discolouration when 
fabrics are subjected t<' heat treatment for short 
T>eriods of time ; and that it imparts excellent flexibi- 
lity, softness, frcxlom from cracking or powdering 
and from objectionable tendering. 

N. K. S. G. 


Glowing Carpet 

Ahsoi.utk darkness is necessary to bring 
the full beauty of the modern motion pictures i., 
colour. This drive towards perfect darkness has i,- 
creased the chances of accidents to pcojde eiiteri li- 
the cinema house from brightly lighted outside, 'rii. 
shaded lights along the aisles of theatres, whi. h 
illuminate only the area near the light do n.-i 
fully eliminate the danger of slii)])iug. Mnu- 
over they interfere with the picture itself. .\ 
recent reix)rt from the Calco Chemical Division, 
American Cyanamide Co., reveals that a n^w 
“magic carpet”, which will glow in the dark, 
will henceforth avoid the abr>ve-ineiitioiied Irouhk-. 
The new carpet is dyed with special dyes whirli 
apf)ear quite ordinary in daylight hut glow Sf)ftl\ 
with various 0{)h>urs in the “black light” of 
invisible ultraviolet rays. The paths will be covciv*! 
with carpets dyed with fluorescent dyes and small 
electric lubes will shvd ultraviolet rays 011 the carpol 
The exact iialitre of fluorescence has not yet hcL-ii 
comi)letely undersltKKl, but it seems that when nllra- 
violet rays are absorbed by fluorescent materials, llk*\ 
radiate soft visible light, which shows the path clcarlv 
but does not interfere with the beauty of the iiiodLiii 
coloured pictures. It is slated in the report that 
the application of fluorescent dyes as guides in llie 
dark is expected to have important uses in otlui 
fields. 

N. K. S. 


Indian Grape Vines 

Tiik Agricnlluriil Marketing Adviser in ki" 
Report on the Markelinff of Cftapcs in Tyutin iPnt 
Ihirmii slates that graj^e vines in ^lysorc vSlale ami 
Bombay Presidency give the highest yield of tahli- 
grai)es in the world. The average yields in the.se a 10:1^ 
are ii,6to lb. and rr.ifio lb. per acre resiieclivciy; tlu 
next highe.st yield is 7,678 lb. in California. But 
the area and quantity produced in India is very small. 
India produces only al)Out half her rcquiremciib 
of fresh grapes and practically no dried raisins oi 
currants, although she imports 225fOOo inaunds of 
these every year. To meet the requirements of lar 
own markets India would have to treble the jircsciil 
acreage of grapes, which is now 4,200 acres. 
would involve an addition of sixty or seventy lakhs <'1 
rupees to the agricultural income as at present derived 
from that crop. More than half of the present acrc.r.e 
is in Baluchistan, nearly a quarter in Bombay Presi- 
dency and the remaining portion distrilmted amon.-st 
the North-West Frontier Province, Madras 
dency, Sind and Mysore State. The total prodiicli^'” 
of grapes in 1934-35 has been estimated at 375 /” ’ 
inaunds, valued at about Rs. 25,00,000. 
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India ranks sixth among the principal irnport- 

countries. The average annual imports are 
. j,ooo maunds valued at Ks. 21,78,000. The major 
|, M tion of this quantity comes from Afghanistan ; 
tiu- United States of America, the Union of South 
Alriea and the Commonwealth of Australia together 
ciipplyiug about 2 per cent. only. Burma imported 
lioin India about 2,200 maunds in ; but the 

luilk of this consisted of “Chaniau” grapes which 
wile re-exported from Calcutta. 

As a stabilising influence on prices, it has l)een 
Mussed that the important factors are a regular and 
more efficient news service between producing and 
i-oiisinning areas, wider dispersion of the produce 
1.) smaller consuming centres, chiefly through im- 
proved transport facilities, and the provision at dis- 
tributing markets of conveniently situated cold 
storage accommodation for the relief of temporary 
(l:iy-lo-day surpluses. The provision for these* 
(kluiids on the State. But before the demand can 
lie made insisting more research work is necessary 
ill the production of these fruits. In India very little 
wdik has been done in classifying existing varieties 
;iii(l ill evolving new varieties and types of grapes 
likely to be more profitable than those under culti- 
vation. At least one or two experiment stations in 
,;'i'q>e growing areas might undertake this work. 
There is again the problem of poor keeping quality, 
which stands against transport to distant markets. 
ITdhleins relating b) grafting and budding, training 
.111(1 pruning, maimring and si)raylng of vines with 
insecticides and fungicides also reiiuirc attention. 
In the proiiagatioii of vines with a view to extension 
of the existing area it is desirable that there should 
he a system of registering approved nurseries, some 
of which at present sell stocks which are not genuine, 
bill ill this task also a preci.se knowledge of the mor- 
I'hdloL'ieal characteristics of the different varieties 
"f \'ines and root slocks has yet to be acquired by 
the fruit specialists. 


Glycerine Substitutes 

Investigations into tlie prodiicUon of substitutes 
for glycerine were first started in Oennany during 
the war of 1Q14-1S. The famous Brotol j.rocess is 
based on the fermentation of sugar, starch (u* iiiai/e. 
Recently an American i»rocess was announced 
which synthesises glycerine from pro]jyleue, broadly 
by means of cbloriuatioii and later rejdacing 
cliloriiie liy the Oil-groups from alkali. TTiis 
propylene is generally obtained as a rich consti- 
tuent {^o%) of the gases from petroleum subjected 
1*> cracking [process. In Oennany where petroleum 
supply is deficient, they are trying to imi»rove the 
poor yield of this raw material from coke oven gases. 
It should be rememl)ered that the search for substi- 
tutes is based on the specific uses to wdiich they will 
))e put. Some should possess more or less the same 
physical and chemical character as glycerine itself 
and others might be useful if only there is a reseni- 
Iflance in the physical jiroiierlies. As a result of in- 
vestigations so far gh’cols and er\'thritol have been 
classifle<l in the first group which are suitable for the 
mamifactiire of exi>losivcs and synthetic resins. In 
tile mamifacture of traiisiiareiit cellulo.se sheet and 
resill, Sorbitol syrup pnpared from glucose is now 
under investigation in America. In (lerniaiiy, the 
marine jdants have a rich .source of Mannitol, which 
is closely related to vSorbitol and is used in explo- 
sives. The second group resembling only in 
]»hysical jiropeities includes lactates, notably sodium 
lactate. These materials are used in place of 
glycerine as textile assistants and as shock absorbers 
in artillary recoil buffers aiul the like. Ill iilace 

of glycol sonic laclates are also used as anti- 
freeze agents. In tooth pastes and cosmetic prepara- 
tions sugar 01 starch syrups have been suggested as 
siilistitutes. Hut for the iiiediciiies no reiilaccmcnt 
lias yet been possible. ITopyleiie glycol lias shown 
Ijo.ssibilities while in iniiiting rollers and hectograph 
apparatus glycerine is still the only substance. 


Artificial Silk Industry 

J. K. CliOWDHURY 

Head of the Departments of Chemistry and Soil Science, 
Dacca University. 


vSinck the last Great War, the growth of the 
silk industry has been tremendous and the 
’’'•'I'lifacture of artificial silk has become one of the 
Mi.iioi chemical industries of the world. In the first 
piiuse of its development, the United States played 


an imiiortant part. In io.U>, the American, produc- 
tion excelled that of Germany, Knglaiul and Italy 
taken together. But during the last ten years, the 
situation has radically changed. The jiolicy of eco- 
nomic self-sufficiency, specially in the case of vital 
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raw materials, has lx?eii intensified duriiift: the last 
dcc.'ide in anticipation of war. As a result, countrievS 
which are poor in textile raw materials have directed 
their attention to the development of synthetic 
fibres with a view to becoming; independent of 
foreif>n supplies. Japan, Germany and Italy have 
now become the principal producers as the following: 
table will show: 


I. 

Shark ok Dikkkrknt Countriks in thh Prodcctton 
OK Synth KT ic Fimrks. 

(In million pounds) 


Cnniitrif-s. 

1929 

1937. 


Art vSilk. 

; Art Silk. 

Staple Fibre 

1 


112 

1 2S2 

1“ 

1 18 

Italy 

59 

1 i 

98 

HO 

(it*rniativ 

I 

45 

115 

! 200 

p'raiu'c* 

37 

— i 

— 

Ihiglanrl. 

63 

108 ■ 

32 

Japan 

18 

i 300 

155 


The above fij'urcs indicate the enormous increase 
in recent years not only of artificial silk yarn but also 
of short “staple” fibre which is used cither as a sub- 
stitute for cotton or in admixture with it. Kvidently 
the staple fibre has been welcomed in the market, 
for countries like l.h >S. A. and Great Hritaiii which 
command enormous cotton resources are also increas- 
in.e; the pnjduction of staple fibre. While the world 
production of artificial silk yarn is slowly increasing, 
that of stable fibre is increasing by leai>s and l)ouiids 
(table 11). This is due to the efforts of countries like 
Japan, Germany and Italy, which are dependent on 
other countries for their supply of cotton fibre. These 
countries are anxious to replace it with home-made 
substitutes. 


TAIUvH II. 
World Production. 
(In million pounds) 


Art. Silk Yarn 


Staple Fibre 


192S 

1.930 

1935 

1939 


185 

417 

932 

1125 


Nil 
6 1 
139-9 
1025 


The increase in production of artificial silk yan 
and staple fibre is more vividly expressed in tlh 
graph (Fig. I). 



Pio. 1. 

The staple fibre, though originally developed as 
a substitute for cotton, is now finding a wide apjdi 
cation. It is no more a mere competitor for coUeii 
hut may Ixi considered a supplementary fibre. 
view will find confirmation in the increa.sed p.rodiu' 
tion of U. S. A. and (heat Britain. 

Production in U. S. A. 

(Ill million pounds) 


1930 

1935 

1939 


Art. Silk Yarn | Staple Fibre 


127 

257-6 

33P2 


0-3 

4-6 

53 


In fact, the consumption of staple fibre m 
U. S. A. is considerably more than its production- 
It has been estimated that 47 million lbs. were nn- 
ported in U. S. A. in 1939 to meet the count* y s 
requirement. It is expected that the production of 
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ia]}le fibre will increase more in near future in spite 
of the country's huge resources of natural cotton 
;j)rc*. But in India, it is often argued that the deve- 
jiincnt of artificial silk industry would lie detri- 
i ieiital to the cotton industry. It is to he reniem- 
i,ored that the synthetic fibres are now used to ini- 
1, lovc cotton textiles and for artificial silk industry 
the Indian short-staple cotton fibre will be a raw 
material. This use will not only increase the 
(iLinand for Indian cotton but will also reduce varia- 
tions in the prices of cotton considerably. A similar 
ariiimient was heard some time ago in h'ngland with 
Kgard to coal, where it was believed that the eiior- 
inoiis increase of internal combustion engines liased 
oil li(|uid fuels would reduce the deiiiand for British 
coal and thus endanger the prosperity (jf the British 
co:il industry. In practice however the enormons 
iluinaud for Ihiuid fuels led to the invention of pro- 
cesses for making oils from coal, thus creating more 
(leinaiul for coal which provided eintdoynient to a 
luge number of workers. The apprehension enter- 
tained in some iiuarters in India regarding the future 
ol cotton as a result of the development of the arti- 
ficial silk industry will prove ecpially groundless. 

Tlie necessity for development of artificial silk 
iiuliislry in India will be evident from the fact that 
tln> country imported not less than 4 87 crores of 
rupees worth of artificial silk goods in the year ig.S7-.^S 
and this figure is increasing year by year. Almost 
I lie whole of Indian import came from one single 
cnimtry, namely Japan, which supidies the product 
at a very cheap rate. 


Import ok .Vktikiciai, Sii.k in Inpia, 1937-38. 



Total quantity. 

Japan’s share. 

tit. silk yarn 

31 G mill. lbs. 

28 mill. lbs. 

l’il*<T-gOO(l.s ... 

1 

89-7 , 

* yds. 

88-5 , 

• .vds. 

Art Silk-mixed piece- 

.C'kmIs 

16-1 , 

II yds. 

15 

1 , yd.s. 


Raw MatrrialvS for Manufacture 

The principal raw materials for the manufacture 
of artificial silk are (t) purified cotton, and (ii) wood 
^'^Ihilose. The former is used for the manufacture 
ol t he acetate silk and the latter is generally used for 
VNt osc rayon, purified cotton also having a limited 
The cellulose for the purpose must have certain 
definite characteristics and is generally obtained by 


the sulphite process from certain species of wood, 
such as spruce, hemlock, balsam and occasionally 
certain species of firs and pines. Economic reasons 
demand that the aliove species of wood should occur 
in easily accessible areas so as to be hauled by water- 
ways. As the.se species are being used uj) and their 
accessibility is becoming more and more difficult, 
improved methods of haulage are lieing iiitnxliiced in 
western counlries. In India suitable species are 
known to occur in abundance in difficultly accessible 
Himalayan regions. Introduction of iinxlcrii scienti- 
fic methods of haulage may however inakL* them 
available for industries in this country. 

It is interesting to note that Japan, the largest 
I>rodncer of artificial .silk, meets her re(|uirement of 
layon jmlp largely by importation from H. vS. A. and 
Canada. In reecnl years lK)wever Japan has been 
rapidly increasing her <lome.stic production with a 
view to self-sufficiency. 'I'he Japanese ('.overmnenl 
has planned a four-year ])rogrammc for increasing 
pulp production and the country is cx])ected to Ix;- 
coiiie independent of foreign supplies by i()42. 
Investigation into indigenous materials has been 
intensified and the imported pulp has already been 
replaced partly by the country's own raw materials. 
Several species of coniferous and foliaceous wood, 
rice and wheat straw, stems and pods of soya beans, 
bagasse and reed are being successfully used for the 
mamifaetnre of pulp. Similarly Italy has l>een uti- 
lising Abyssinian bamlxio, hemp and straw for the 
mamifacliire of rayon pulp. In U. S. A. inteiKsive 
research has made southern pines available for the 
rayon industry. In India, onr forest re.sources in 
easily accessible regions ami large sti'>cks of agricnl- 
Inral by-products, which are now wasted, should he 
explored for the pnri)ose. Some of these materials 
are known to have short fihre-leiiglhs and high ash- 
content. Eibre-leiigth, which is an imixirtant 
characteristic for i)aper-puli>, may not be of equal 
significance in the manufacture of artificial silk, in 
which the cellulose has to be dis.solved lx;fore spin- 
ning. The ash-content may also be reduced by suit- 
•able treatment. Apart from certain species of wood, 
tile following materials may [nove promising sources 
of rayon-i)uli> in India : 

(i) Short-staple cotton, 

(ii) jute, hemp and barks of certain idants, 

(m) l)anilK)o, 

(iv) rice and wheat straw, 

(v) stihai and elephant grass, 

(vi) bagasse, and 

(vii) reed. 
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TJie rayon pulp should have high alpha-cellulose, 
a proper viscosity in solution, low ash, easy bleach 
and other suitable characteristics. Hut the l)est test 
for the suitability of a raw material is its actual con- 
version into fd>re and sul)s<.*(iuently testing the pro- 
perties of the libre obtained. 

.M.\NUF.\C'rU RI NO P RfX'KSSKS 

Though there are several processes in the field, 
only two i)rocesses are in extensive use, viz., the 
viscose process and the acetate process. The former 
uses purified wood-cellulose as the chief raw material, 
while the latter uses purified cotton. Viscose rayon 
is rei)Uted to be cheap but the cost of production of 
acetate silk is now Ix'iiig rapidly reduced by large- 
.‘X'ale manufacture of solvents and improved methods 
of acetylation. The difficulties (d dyeing the acetate 
silk have been largely overcome by the introduction 
of new dyes placed in the market by manufacturers. 
On the other hand, the viscose process is also under- 
going rai)id improvement. The introduction of 
stretch-spinning in a strongly .acid bath has con- 
siderably inijn-oved the tensile strength of viscose 
yarn in both dry and wet state. vStretch-spinning is 
also being iiiInKluccd in the .acetate silk industry. 
A short descrijition of the two processes is given here. 

ViscosK Prockss 

The preparation of a uniform raw material is of 
the greatest importance. For this pui'iiose, cellulose 
is obtained from wood and other raw materials by 
freeing it from lignin, resin and other accompanying 
impurities. The sulidiite process, which is usually 
u.sed for the piiri)0.se, consists in digesting disinte- 
grated wood with an atiueous snlntion of calcium bi- 
sulphite under pre.ssurc at temperatures varying from 
to i.so^C. The excess nf sul])luir dioxide is re- 
use<l and tlie sulphur in the waste sulphite li<iuor 
is recoveied as far as possible. The cellulose imli) is 
washed, bleaclietl aud blended to obtain a uniform 
raw material and then compressed into sheets of stan- 
dard si/e which are soaked in causlic scula under 
closely controlled conditions. The excess of alkali 
is pressed out and the alkali-cellulose is “aged” by 
standing for a definite time at a constant tempera- 
ture. The material is then disintegrated in a shred- 
ding machine, treated with carbon bi.sulphide in 
rotating drums and again allowed to stand or hipen”. 
The ripened xanthate is then di.ssolvcd in water or 
dilute alkali and the impurities arc settled out by 
standing. The solution is then re-aerated and passed 
through filters into spinning jots immersed in coagu- 
lating bath. 

The vSi>iiming jets are made of plates having a 
number of tiny holes, ’5 or more, through which the 


clear viscose solution is forced under a iiressure o 
over 2CX) atmospheres. The liquid pas.ses downwards 
through the jets into spinning boxes which coiitaii; 
dilute sulphuric acid with sodium bi-sulphate an 
other additions. The viscous solution coagukUi . 
here into yarns, the acid combines with the alkali, 
decomposes the xanthate with the productif)n of 
and aud regenerates the cellulose. The carlH.n 
disulphide and sulphuretted hydrogen are recoveiLii 
from the vapours of the .spinniug Ik)X. The cojigu- 
lated fibres arc passetl over guides through the spin- 
iiing bath into collecting bobbins aud are latvi 
bleached, twisted and reeled. In the centrifugal la 
l)ot-system of spinning, the yarn is given a twist nf 
2‘5 per inch as it collects in rotating spinning 

The properties of the yarn may be modified In- 
adding certain ingredients, either in the xanlli:ile 
solution before siiinning or in the coagulating aei l 
bath. Titanium dioxide has been used to reduce tlu- 
gla/e (dehistering), while glucose in the coagulatiiiL' 
bath makes the fibre stronger and smoother. 'I'lie 
yarn is alst^ subjected to after-treatment in order tn 
increase its strength, appearance and waler-rcsi.sliim 
proiierties. 

The iiroperlies of solution of cellulose \ary emi- 
siderably with the nature and history of raw materials. 
Small variations in the treatment of cellulose al 
different stages have profound effect on the pr<)perti\s 
of cellulo.se .solutions. (»reat care is therefore iilw-'- 
sary at every stage of inamifacUire to eiisniv ilmt 
C(jiistant conditions are maintained. 


I JMKNFKUD'S M( )I>1FIC.\TI()N 

hilicnfeld obtained yarns much strongei lliaii 
ordinary vLscosc rayon by using a stion.gly aei«l pK- 
cipitating batli and stretching the filaments e(aiM(!« r- 
a])ly lielveeii the spinning jets, the yarn guide mikI 
the collecting device. This stretch spinning is being 
widely adopted not only for viscose Imt als(‘ bn 
acetate rayoii. Cert.aiTi oilier modifications, siicli .i> 
cooling the alkali cellulose in shredders, treating die 
Slime with large excess of carljon disulphide, coiil rol- 
ling the temperature, and composition of the coagu- 
lating bath and after-treatment of the yarn, ne 
known to improve the (luality of the fibre coii>ider- 
ably. 

Stapi.k Firrr 

The vi.sco.se process of spinning is generally 
for the manufacture of staple fibre, using a very 
number of jets or oiiening.s in each plate. 1^^^’ 
yarns coming out from these jets are coagulated m 
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usual iiiainior, collected in a hmidle and cut into 
'loit Icn.eths of 1^2 to 2 inclics. These arc Mown 
iilo a fluffing niacliiiie, packed into bales and used 
•. .TV much like cotton. 


Acktatk Prockss 


The acetate silk is usually prepared from carefully 
piiiilled and dried cotton which is soaked in glacial 
jcL'lic acid. The mass is then dii)ped in an acctylat- 
iim bath containing 20 to 30 times its weight of acetic- 
iiiiliydrido and glacial acetic acid in the presence of 
ciitain substances, usually sulphuric acid, chloro- 
>iilpln)nic acid or [)erchlnric acid. These substances, 
ciMMiiionly called catalysts, accelerate and complete 
the acetylation inti> tri-acetate of cellulose. The 
alliilose gradually dissoUvs in the bath kept at the 
(Miliiiary or slightly elevated temperature and when 
tile acetyl content has reached the maximum, i.c., 
iiltdiil 62% — an ojieration which takes many hours 
the acetylating bath is diluted with a small <iuantity 
df water sufficient to convert the anhydride into acetic 
acid. A little sodium acetate or other sodium salts 
.'ire then added and the solution heated so as to hydro- 
lyse the tri-acetate under careful condition until the 
iicetyl content is reduced to 55 to 57%. The radical 
df the catalyst which may have entered the cellulose 
iiidleciile is removed in the ]>rocess. It is only after 
this careful hydrolysis that an acetone-soluble pro- 
thicl is obtaine<l. It is interesting to note that break- 
iii-' oil the acetylation lU'ocess as soon as the desired 
aeetyl cuiiteiU is reached (55 to 57%) docs not yield 
nil acetone-soluble iiroduct. When the hydrolysis has 
I'l-dceeded to the desired limit, the whole mass is 
pdiiied into excess of water to jirecipilate the 
ivlliilose-aeetate which is washed, dried and dissolved 
ill acetone mixed with other solvents Ixdorc siiiniiiiig. 


The above method of preparing cellulose acetate 
lins the disadvantage that large (piaiitities of glacial 
ai\iic acid and acetic anhydride remain in the form 
‘>1 diluted acetic acid, which has to be (X)iicentraled 
h'Jore it can be iise<l again. In recent times buw- 
c\'LM methods have been developed for acetylation 
without destroying the fibrous structure of the pro- 
duct which may Ije ceiitrifuged, and the acetylating 
liquid recovered for further use. The fibrous product 
1'' w ashed, dried and dissolved in acetone or cliloro- 
f'uni for spinning. 


Hie solution in acetone must be a viscous liciuid 
y uiaiiiiujr y iq Qf ester. Tt is dc-aeraled and 
|'*iccd Utrough filters into jets similar to those used 
III the viscose process. The spiiniing is downwards 
^dk- solution is extruded into a cylinder or chamIxT 
’'‘'U.dly 10 to 20 ft. in height. A current of warm air 


is drawn through the chamber to lake away the 
volatile solvents and coagulate the solution into yarns 
which jiass over guides through apertures in the side 
of the chamber near its bottom and wound on .s]u>ols. 
The speed of winding is carefully .adjusted to subject 
the filament to tension and thus dimiiiiish the 
cross-section. AIhjuI 2'5 twists per inch are given to 
the yarn as it collects in the spool. 'Phe air carrying 
the solvent vapour comes out at the top of the 
chamber and is drawn tlirongli absorbeis where the 
solvent is recovered. 


0>ST nl* PKDDrCTION 

On account of the cheapne.ss of the proce.ss, 
viscose rayon is extensively manufactured in various 
coniitries. Jai)an, the principal producer of artificial 
silk yarn, follows the prt^cess almost exclusively. In 
U. S. A., however, au a]>preeiable aiiiouiil of acetate 
silk is manufactured. The productinii of the acetate 
and of the solvents on an extensive scale has been 
organised in that country and as ;i result the cost of 
production has been steadily coming down. lu India 
where the solvent industry is practically noii-existoiit 
and the cheaper jiroducts are likely to be more in 
demand, the viscose process seems to have a brighter 
future. The following materials will be necessary 
for the production of mic ton of artificial silk : 

I ’2 ton cellulose, 
rS ton caustic soda, 

0*46 ton carbon disulphide, 

I ’5 ton sulphuric acid, 

2’o toil bisulphate of soda, 

I ’6 ton sulphate of magnesium, /.iiic and 

glucose, 

0 05 ton bleaching i)owder, 
o*o/t ton lubricating oil, 

6 to 8 tons coal, and 
• 30 to 40 s(i. yds. filter cloth. 

As part of the chemicals used can be recovered 
and their co.st varies in different places, no attempt 
is made here to estimate the total cost of production. 
It may however be .staled that jinwer coii.sutiiption is 
con.siderably low in larger installation and :is a result 
only larger units can operate economically. As 
large quantities of sulphur and its derivatives arc 
rcMiuircd in the process, it is desira]>le to. develop 
indigenous sources of sulphur. X’aiious western 
countries are producing large (luantilies of sulphur 
as a by-product and have hec<mie self-sufficient with 
regard to this important raw material. Kveu if we 
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have to depend temporarily on foreig:n supplies of 
sulphur, this ar.eumeiit need not he used against 
developing this inii)ortant industry in India. Japan 
has built ui^ a large and prosperous artificial silk 
industry though she is largely dependent on foreign 
sui)]ilies of the most important raw material, i,e., 
cellulose. 

The average cost of production in Jaiian has 
been estimated at 0 7.^ Yen (about -/t)/- as.) per Ib. 
for artificial silk yarn, made up as follows: - 


CelluIo.se 


Yen 

Caustic, .sulphuric acid and 



other chemicals 

t>‘i45 

ft 

Coal and ])OW'er 

o'oS 

ft 

Labour 

o'oSS 

1 1 

Packing, sale, freight and 



repair 

012 

ft 

Tax, depreciation and 



interest 

o‘oS 

tt 

h'otal 


Yen 


It is interesting to note that though the 
cost of production in Japan is -/g/- as. per lb., 
the C. I. F. price in Calcutta for Japanese goods is 
As. -I10I4 only. In U. S. A. the price of artificial 
silk yarn is considerably higher, i.e., 60 cents or 
Re. 1/12/- as. per lb. The low cost of Japanese 
goods is due to Government sul)sidy, low cost of 
labour and efficient trade organisation. Chemicals 
are supplied by the Government at reduced prices, 
demonstrations and propaganda work are carried on 
at Governnieiit expen.se and legislative action is 
undertaken by the Government to increase internal 
coihsuniption of synthetic fibres by enforcing their 
admixture with cotton and wool. 


Nkkd for Research 

The synthetic fibre industry has made treincndoii . 
progress in course of the last 20 years as a resiv 
of intensive researches in the field of celliilo 
chemistry and chemical engineering. Today tli, 
progress is still greater than before and the cliin;i\ 
is still far from being reached. In contrast wiiii 
this progress, the textile industry is, on the wlu)L, 
standing still. The synthetic fibre industry is essi 
tially a chemical industry while the textile is .1 
l)nK'ess industry, in which knowledge of fumlu- 
nieiitals, thr)Ugh useful is not essential. Our indns 
trialists, from their experience of cotton textiles :nv 
inclined to look upon research as an unnccc.s.sary .mkI 
cosily luxury. They often favour a ‘wait and set’ 
prdicy, so that the necessary re.search and improw- 
nient may be made at the expense of foreign couiiti ii s 
and India may lake advantage of them by siiii])ly 
paying for a few foreign experts. This may, In ;i 
certain extent, be true for a process industry likr 
cotton and wool textiles ; but it is far from true in 
the case of larger chemical industries. Western 
countries have not built up their chemical industrie" 
the dye-stuff, the synthetic fuel, the synthetic f'llnv 
and other large chemical industries — without enn- 
stanl research and progress. In addition to fosteriiiL’ 
re.search in universities and other educational iiisii- 
tutes, .special re.search institutes have been cstablisln-d 
in various countries with the object of fosleiin-..- 
research cm cellulose and its products. Oiih 
recently, Japan has established a special cellnlnn- 
research institute at Kanagawa at a cost of 2‘.s million 
Yen (20 lakhs of Rupees), in spite of numeioiis 
other organisations already engaged in researches on 
cellulose. It is time that India should take all iKVes 
sary action for dcvelo])ing a synthetic fibre industry 
in this country. Already in European c»>uiilriis, 
large concerns with exten.sive financial resources havt 
interested themselves in the tnanufacture of artineini 
.silk and the success of smaller and new^er conceins 
will gradually become increa.singly difficult. Gni 
attempts in this direction should be made in time 
before it is too late. 



Medicine & Public health 


Medical Stores Supplies for India 

Many problems affecting medical supplies to the 
Army were considered at the third meeting of the 
Dings Supplies Committee, now called the Medical 
vSPircs Supply Committee, held recently under the 
cliairinaiiship of T,icut. -General (j. G. Jolly, I.M.S., 
Director-General, Indian Medical Service. Samples 
were shown of emetine hydrochloride, apomorphine 
liN'drochloride, acriflavine and dried blood plasma 
made in India under schemes of investigation fostered 
!)>' this Committee in close liaison with the Board 
i)f Scientific and Industrial Research. 

To combat shock through loss of blocxl, blood 
transfusion is largely used in modern medicine. Such 
lilood is difficult to obtain in (luaiitity for the treat- 
ment of the wounded in the field and so other methods 
are being carefully considered. One of the most suc- 
cessful and promising of these methods is the use 
of dried blood i)lasma. Blood to which sodium citrate 
lias been added to i)revent coagulation is allowed to 
"cttle and the clear liquid drained off. This liquid 
is dried in vacuo to a granular powder and packed 
aseplically in containers. Before use it is made into 
a solution with sterile water and given to the patient 
in the same manner as a bl(X)d transfusion. The 
sample of dried blood plasma, the first to be made in 
India, has shown the possibilities of its manufacture 
in India. 

The production of emetine hydrochloride which is 
sbll required for the treatment of amaebic dysentery 
i closely associated with the growth of Ipecacuanha. 
riiis drug grows wild in the forests of South America 

is more and more difficult to obtain. The plant 
i>:‘s been demonstrated to grow well in Mungpoo, 
Ik iigal, and the question of encouraging its cultiva- 
hon in India is under consideration. 

^^llch progress has recently been made in Tra- 
' iiicore, Bombay and Madras in the development of 
I' di liver oil schemes for supplying India with sub- 
''' dates for cod liver oil. The esential factor in 
”‘cse oils is their content of vitamin A and vitamin D. 

the shark liver oil has ten times the vitamin A 
•^"11 tent of cod liver oil it forms a valuable source of 

7 


vitamin A. This oil however is lacking in vitamin 
D so that it is necessary to add this vitamin to it. 
Vitamin D is reported to have been made at the 
Indian Tn.stitiitc of Science at Bangalore. 

Location of Tuberculosis Clinics 

That if a iu])ercnlosis clinic is to be of maxinuirn 
benefit, it should Ixj situated in, or as close as possible 
to, a thickly populated area, is the unanimous opi- 
nion of the connniltee of experts recently apjKuntcd 
by the Tuberculosis Association of India at the ins- 
tance of the Government of India to consider what 
conditions should govern Die selection of sites for 
such clinics and whether any ])arlicular i)rccnutions 
were necessary in the case of clinics situated in popu- 
lated areas. The committee were also of Die view 
that no particular conditions arc nccessiiry regarding 
the distance of a well-conductcd clinic from the 
nearest house. They recommended, however, that 
if a clinic is located in a part of a building used for 
other purposes, the clinic should have a separate 
entrance. 

Ascorbic Acid Deficiency and Cellular Blood 
Constituents of Guineapigs 

SrONAi, (Vroc, Soc. F.xp. niol. and Med., 42, 163, 
1939) observed that in anaemia accompanying scurvy 
in gnincapigs, there was a i^rogrcssive decrease in 
the haemoglobin and red Idood corpuscles and a 
slight increase in the while blond coryniscles. He also 
•observed that when gnineapigs receiving 3 mg. of 
the vitamin C per day were given cubcntaneoiis injec- 
tions of diphtheria toxin, there was less disturbance 
in their blood cell count than in similarly treated 
animals receiving 0.5 mg. of the vitamin. 

S. B. 

Sulphathiazole and Sulphamethylthiazole 
in Gonorrhoea 

2-SXJLPHANIi.yl aminopyridine known as sulpha- 
pyridine has been found to be very useful in combat- 
ing coccal infections. Recently two thia/olc deriva- 
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lives of sulplianilainidc, ,»-(i)-amiiiol)cnzene-sulphoiia- 
inMo) thiazolo, known as siilpha-thiazole and 
.:-(p-aniiiioljL*n'/cnc-siilplioiiainido) 4-niethylthiazole, 
known as snlplianicthyltliiazole have been used by 
Idoyd it al {Lancet, 2, i«S6, ig/|o). As compared ta 
sulphapyridine, siilpliathiazole has been found by 
them to be e(|nally efTective in its therapeutic action. 
Snlphainethyltliiazole is less efticicnt and the action 
is very slow. The patients tolerate the drugs very 
well. 

.s. a 


Capillary Fragility and Vitamin P. 

HokbkIvY {Munich, mcd. Wschr. 77, S86, io.v>) 
observed that syidiilitic patients rfceiving injections 
of salvarsan often suffered from increased ca])illary 
fragility i.e., the capillary walls burst as a result of 
the aj)plication of lesser amount of either positive 
or ne.gative pressures than normal. Scarborough and 
vStewart {Lancet, 2, 610, iq.^ 8) observed that cases 
of purpura occuring as toxic manifestation of anti- 
syphilitic therapy with arsenic and bismuth had 
diminished capillary resistance and the capillary 
resistance in these cases was raised by the administra- 
tion of vitamin P. Tlorne et al, (Lancet, 2, 66, iq^jo) 
have shown that redness and dermatitis occurring as 
toxic manifestations of aniisyphilitic therapy are also 
associated with increased capillary fragility and these 
cases improve after admini.stration of vitamin P. 
Vitamin C is without any effect. 

IL 


Diarrhoea and Gastrointestinal Absorption of 
Ascorbic Acid 

Airr and Parmer sugge.stcd {]. . 1 . M. . 1 ., ///, 
i.S.S.S, 10.^^) that under certain pathological conditions 
the absrirption of ascorbic acid from the gastrointes- 
tinal tract is al'jnornial. Meyer and Hobinson observed 
{Ann. Pediat., 1^2, 283, 19.^9) that when infantjf 
suffering from diarrhoea were supplied with massive 
doses of ascorbic acid per mouth, the blood ascorbic 
acid was h)w and the urinary excretion was diminish- 
ed. WHieii the vitamin was administcreil by injection, 
a rise in tlic l>lood ascorbic acid and increased eli- 
mination of urinary ascorbic acid were noted. Abt, 
Fanner and Top|)er IProc. Soc. ILxp. Biol, and Med., 
43, 24, iq4o.'i) determined the ascorbic acid content 
of the faeces of infants by the method of Chinn and 
Fanner {Proc. .Soc. Ex Ik Biol, a^id Med., 4/, 561, 
1939). Asc'orbic acid was found to be excreted in 
smaller amounts in the stools of normal infants 
When these infants were purged by means of cathar- 


tics large amounts of orally fed ascorbic acid wc; 
excreted in the faeces. This shows that the intestin.d 
tract fails to aksorb ascorbic acid in such a condition 
ami exi)lain.s the low blood level and diminisht. 1 
urinary excretion of ascorbic acid in infants sufferin 
from diarrhoea. 

S. H. 


Effect of Insulin on Plasma Level and Excretion 
of Ascorbic Acid 

R.VUJ and vSherry observed {Proc. Soc. I^'.xp. Ihol 
and Mcd., 13, bhq, rg.40) that when iii.sulin \\;is 
injected in in)rmal dogs there was a fall in ilu 
plasma concentration and urinary excrelimi ni 
ascorbic ricid. The effect persisted for about 7 bour^. 
after whicli the plasma level and urinary excretioi' 
of the vitamin returne<l to normal. 'iMic fall in the 
!>lood level and urinary excretion of ascorbic aciJ 
was very sharp when insulin was injected iiit(» 
depaiicreatised dr)gs. This effect of insulin, howevi ! . 
could be overcome by intravenous injection of glucnvi. 

.S. B. 


Recovery of Ascorbic Acid from the 
Urinary Bladder 

In assessing the ascorbic acid nutrition by 111 im* 
analysis, the ([uestion may ari.se as to the loss nt 
the vitamin, if the urine is retained in the urinarv 
bladder for a considerable lime. Sherry aiul 
Friedman, however, < b.served (Proc. Soc. P.v/j. Pool, 
and Med., 42, 707, 1939) that after instillalion ni 
a.scorbic acid in amounts varying from 0.5 to in :, 
into the urinary bladder 92-107% could be recoveiv<! 
in the urine after periods of 1-5 hours. Therelor^ 
they hav»^ concluded that practically no loss of lli* 
vitamin takes place inside the urinary bladder. 

3 . B. 


Announcement 

Thk 3rd All India Obstetric Oyiiaccologiciil 
Congress will be held this year in Calcutta from tin. 
27th to the 30th December 1940, both days inchisi\c. 
The subjects for discussion are : «) Anaemia <»1 

Pregnancy ; (fi) Functional Uterine Haeniorrhag'^* . 
and (Hi) Maternity & Child-welfare. Detailed inlor 
mation may be obtained from the Jt. Hony. vSecu- 
taries, Bengal Obstetric & Gynaecological SocietVi 
urB, Chittaranjan Avenue, Calcutta. 



Sugar 

T. S. Tirumurti, 

Principal, Stanley Medical College, Madras. 


Tiik importance of siiRar as a food is now well 
KCOKoised. Several different varieties of sugar are 
known. The two main groups are (/) disaccliarides, 
\\k‘ I'liief examples of which are cane-sugar, beet- 
siigar, maide-sugar, inalt-sngar and milk-sugar ; and 
(//) iiioiio-saccharidcs, such as grape-sugar, fruit- 
^iigar and invert-sugar, wliich is a niixlure of grape- 
Migiir and fruit-sugar. The techiiiical names ai)pliod 
to these sugars are as follows ; (/) sucrose or sacharose 
is cane, beet or maide-sugar ; (//) maltose is inalt- 
Migar ; {Hi) lactose is milk-sugar ; (rj) glucose, grape- 
viigar ; (“y) laevulose, fruit-sugar and (vi) invert sugar, 
a mixture of glucose and laevulose. Of the above 
Migars, cane-sugar is the most familiar of all. ft is 
mainly <lerived from the sugarcane. When derived 
iiom sources other than the sugarcane, special names 
beet-sugar or maple-sugar are usually given to it. 
Hut, from the chemist’s point of view, beet-sugar 
oi maple-sugar is indistinguishaide from the sugar, 
ilLiivetl from the sugarcane. 

Sugar, derived from the sugarcane, has l)eeii in 
use in the world as a food for many ages, but it is 
only within comparatively recent limes that it has 
been manufactured cheaply enough to take an impor- 
laui jilace in ordinary diets. It may be of interest 
Ut know that the sugarcane was known in China 
.i.oo) years before it was used in Europe. It ai)pears 
to have been known at more or less the SJime time in 
India as well. It travelled westwards later. The 
iheck physicians, several centuries before the 
t-'luislian era, spoke of sugar under the name of 
Iniiian salL\ It was called ‘honey made from reeds’, 
bi the 14th or 15th century, the Indian sugarcane 
was cultivated in North Africa and later in the West 
Indies and Brazil. It is reported that sugar was first 
used in Great Britain in 1319. 

file history of bccl-sugar is interesting. In 1747, 
Maiggraf, a chemist of Berlin, discoveretl that beets, 
wiih other fleshy roots contained crystal! izahle sugar, 
nleiilical with that of the sugarcane. In 1796, his 
hbidl, Achard, is said to have erected the first iiianu- 
fiioiory for beet sugar. Only 2 to 3 per cent. t)f 
could be extracted by the methods then in use. 
llicrefore, the amount was too small for making the 
■JJ iiuifacture of beet-sugar a commercial success. A 
Stoat stimulus was given to the manufacture by 


Xapolean in iSod. He granted vState sugar bumities 
and the methods were rapidly improved, especially 
ill France. By scientific investigation, a beet was 
gradually developed, having a large* iierccntage of 
sugar. 

It is not necessary in this connection to consider 
the other forms of sugar, as they are not of such 
commercial interest as sugar from the sugarcane and 
the heel. To the ordinary cotisiitncr, beet-sugar is 
liardly dislingiiishalde from the cane-sugar. To 
the chemist, the two arc really identical. The itianii- 
facturers say that for some i>urposes, sugar tlerived 
from the cane is preferable, e.g., in the manufacture 
of fruil-syrui>s, l>eoanse cane-sugar is said . to be 
less liable to fermentation. 

I need not deal with the metluKls (jf prei)arati()n 
of raw sugar and the methods of purification and the 
process of refining, it may sufilce to siy that most 
of the sugar manufactured and sold in the world to- 
day is only refilled sugar. Sugar, which was not so 
long ago a rare luwiry, occupies today a very pro- 
minent position in the diet of a civilised man 

It has been stated by a writer in the British 
Medical Journal (/, 1 19, 1901) that the difTereiice 
hetwecii cane-sugar and beet-sugar is not a chemical, 
Imt a physiological one a (|uestiou of taste and 
flavour— and that it is similar to that between silent 
.spirit faintly coloured and genuine {scotch whisky. 
There is no evidence for the statement that beet-sugar 
is more injurious to health than genuine cane-sugar, 
though there are evidences to show that genuine 
cane-sugar is of higher value as a food and 
as an article for therapeutic purposes. While the 
diet of the modern civilized man appears to N* 
a great improvement on that of his ancestors, his 
habit of consuming large quantities of concentrated 
refined sugar, is an item on the debit side, because 
such sugar is deficient in nearly all the most valu- 
able food factors. It has been shown that ‘molasses’ 
or treacle, a residue separated from sugar in the 
process of manufacture, is richer than sugar in 
organic elements, particularly iron. Its high iron- 
coiiteiit gives ‘molasses’ a peculiar ii’iportancc in the 
ilict of the people of Labrador. 

In western countries, the consuniptiou of sugar 
lias increased from a few lbs. per person per 
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year a little over a century ago, to upwards of 
too lbs. per capita today. This increase is not 
unifonii as regards individuals ; it is however true 
to state that during the past 25 years the i.iermans, 
the Aiiieiicaiis, the Knglish and other nations are con- 
sinning a large proijortion of refined and manufac- 
tured food products, including sugar. Unfortunately, 
the iiroportion is sometimes so large as to make their 
dietaries fre:iuently of poor quality in respect to 
several nutrients -mineral elements and vitamins. 

The following figures compiled by the Inter- 
national Institute of Agriculture will be of interest, 
because it gives us an idea as to the per head cou- 
siunption of sugar per year. 


Pkr IIkad Consumkiion of Sug.\r fkr Ykar 



(Period : 

19 . 10 - 34 )- 



Jvbs. 


Lbs 

Austria 

.. 61 

Netherlands 

... 68 

Helgiuin 

.. 62 

Norway . . 

... 70 

Hnlgaria 

. . 10 

Poland 

... 23 

Czi-elHjsIovakia 

... 56 

Rumania 

... 12 

I > 1*11 mark 

... 120 

Sweden 

... 95 

I- in land ' 

.. 51 

.Switzerland 

... 98 

Praiicv 

. . 57 

Ignited Kingdom 

... 119 

Germany . . 

... 52 

Canada 

... 95 

llalv 

... 18 

TTiiited States ... 

... 103 

India (1938-39)* 

... 25-9 

.Australia 

... 107 


From the figures it will be seen that in all the 
progressive countries in luirope and America, there 
is a large amount of sugar consumed. Denmark 
leads in this matter and in the United Kingdom, the 
United vStates and Australia there is more than 100 
lbs. per head consuniptioii of sugar. Hiilgaria and 
Rumania arc the lowest in the scale. 

As for India, Dr W. R. Aykroyd in his *"Note 
on the Results of Diet Surveys in India”, states, “the 
sugar intake of most of the rural rice-eating groups 
was nil or negligible. The Industrial groups in Bihar 
consumed under 1 oz. of sugar daily. The intake of 
the families in Delhi province and of the Bombay 
workers was a little above this level. In Southeiif 
India, consumption of sugar and jaggery is in general 
very small. These figures suggest that the recent 
increase in sugar production in India has not yet 
been reflected in a substantial intake of sugar on 
the part of the poorer classes." 

The chcaj)ness of sugar is a development of 
lecent years. It can hardly be without far-reaching 
elTects on national health. It tends to make us 

* I'rom the Indian Sugar Indtisiries Annual, page 92, 
which is the only source available at present. Of this con- 
sumption of sugar in India of only 25-9 lbs. per capita 
during the year 38-39, refined sugar is only 5*7 lbs. whereas 
unrefined gur sugar is 20*2 lbs. per head. 


consume more carbohydrate and less fat, for fat 
always a dear form of food. Sugar is more easil. 
absorbed and oxidised. It is more rapidly burnt u,. 
in the body than fat. On that account, it is a iiiou 
efficient protcin-sparer than fat. Sugar has now W 
come one of the cheapest of fuel-foods. “The clieai. 
ness of sugar has a favourable influence on the healili 
and growth of cliiklren, for it ensures them in anipii 
supply of the body-fuel, which they so much need, 
and which the dearness of fat is apt to make un- 
attainable. It has the advantage, too, of being .1 
form of lucl, which few children are likely to refuse, 
and that is far from being true of fat." Thougli 
from the standi)oint of nutrition, an increased con- 
sumiJtion of sugar is not highly important, there can 
be no doubt as to its desirability. 

It is as a muscle food that sugar is of special 
importance. Carbohydrates are the chief source tif 
muscular energy. Sugar being a variety of carbo 
hydrate which is most easily and rai>idly absorbed, 
fulfils this function better than any other form ol 
carlR)hydrate. The English give sugar to race- 
horses. To Swiss guides and Arctic explorers, tlie 
value of sugar as food has long been familiar 
Athletes have known the value of sugar in lessening 
muscular fatigue. Just before the start of the fanioib 
annual Oxford-Cam bridge Regatta, each player pai- 
takes of a spoonful of brown-sugar to lessen the elTeci 
of physical fatigue. Ihe adininistration of sugai 
delays tlie onset of fatigue and the subsciiuent effeeb 
are quickly removed. It has been shown that the ad- 
dition of sugar to diet increases the power of cluing 
work and lessens exhaustion. There is a consiclcrablt 
evidence in favour of the free use of sugar in training 
and during the perfoi malice of hard muscular woiU, 
such as, rowing, running and all vigorous games like 
football, hockey, etc. The men of the German Aini> 
have been reported to carry sugar as well as first-aul 
dressings with them, so that in case of unexpected 
movements, where the Commissariat fails, ihc.v 
can undergo considerable muscular exertion on 
sugar alone. Alpine climbers find sugar more sus- 
taining under the severe strain to the heart on ac- 
count of the climbing. The above facts have been 
adduced just to show the important part played by 
sugar in the expenditure of muscular energy, it is 
no wonder therefore that the per capita consumption 
of sugar in the rich progressive industrialized couu- 
tries in Europe and America is very large, as com- 
pared with the amount consumed per head in a 
poor and industrially very backward country like 
ours. 

The ingestion of cane-sugar has a specific action 
on the nutrition of the musculature of the heart. "1 be 
value of glucose as a heart-tonic is now widely api^‘^ 
dated, even by the lay public. Dr Arthur Gouktou 
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11 his book on 'X'ane-Su*iar and Heart Disease*', has 
Mici special stress on the value of cane-siiRar in 
\ arious diseases of the heart, in conditions of valvular 
..isease, in malnutrition and degeneration of the 
li^arl muscle. The rationale of the treatment by 

II leans of the ingestion of cane-sugar is explaiiieil 
hy him iu great detail in the above i)ublicatioii. In 
iliseased conditions of the heart he administered 4 to 

. ozs. of sugar per day for a long period. 

It is very interesting, however, to note his 
olLservation gathered from long experience that the 
l.cst kind of sugar is the one from sugar-cane. He 
iilso observes that sugar from the sugarcane acts bene- 
licially on the heart musculature, where the sugar 
Iroin the beet fails. A number of clinical cases 
are (luoted in support of this contention, lie con- 
Nulers that the difference is something like that found 
hclweeii hand-pounded rice and mill-polished rice, 
fie suggests that there might be an ‘activator* iu 
ilie sugar from the sugarcane, which did not exist 

III sugar from the beet-root. Probably, the activator 
IS destroyed in the process of refining the raw cane 
sugar. An ofllcer of the Indian Medical Service is 
said to have ol.)tained much success in the treatment 
of heart disease among the poor patients in India 
by giving the ripe sugarcane to chew. There is 
Lvideiitly something in sugarcane sugar, which is 
not present in beet sugar. Is it of the nature of a 
co'cn/.yme’ or ‘activator*, or what? It is not in- 
liLieiitly impossible that there may be a factor in 
cane-sugar, which is not iircsent in beet-sugar. It 
is alsij interesting to note that it is the experience of 
bee-keepers that the bees thrive, when fed with the 
syrup made with West Indian sugar, whereas the 
l)ees deteriorate and may contract disease and die, 
ulieu fed on l.)eet-sugar syrup. 

Dr Goulston is of opinion that apart from the 
use of cane-sugar in the treatment of heart diseases, 
it is very useful even in the propliylaxis of heart 
disease. He hazards the opinion that if more sugar 
derived from sugarcane and less sugar from the beet 


root were consumed, we would soon find it a satis- 
factory means of prophylaxis of various kinds of 
heart di.sease, except those due to congenital defects. 

Nadakarui, iu his book, “The Indian Materia 
Medica", describes the various preparations made 
from the juice of the sugarcane and described by 
the old Sanskrit writers. He also describes the 
various therapeutic uses to which sugar is put. He 
states that three American scientists have, as the 
lesult of exhaustive biological experiments, proved 
that cane molashes are far richer in vitamin H, than 
eitlier beet molasses or sorghum. The dilfereiii 
therapeutic applications and uses of the various 
forms of sugar described iu ancient Sanskrit and 
other texts have not been investigated into. The 
laxative, diuretic, aphrodisiac, preservative, bacteri- 
cidal and other [iroperties are mentioned for different 
forms of sugar made from many species of sugarcane. 
UnreHiied anil under-refined sugar, probably, has 
some virtues, which yet remain uninvestigated. 

It is, therefore, a matter for consideration 
whether, after all, it is not desirable to give up the 
complete refining of sugar and to popularise the use 
of brown sugar and otfier forms of raw sugar iu the 
place of the white sugar, especially in a population, 
whose diet is miserably poor not only in the matter 
of eSvSential foodstuffs, but also in the various vita- 
mins and mineral contents, which go to make a well- 
balanced diet, and which mean so much for the 
active physical health for a nation which wishes to 
be progressive with the rest of the nations in the 
world. There is no greater example for a search of 
this kind than in brown bread vs. white bread, and 
hand-pounded rice \'s. iiiill-iiolishcd rice, and white 
flour vs. whole grain flour. Attention may well be 
directed not only to an investigation into raw or 
brown sugar vs. white or refined sugar but also to a 
propaganda for increased consumption of the indi- 
genous sugar from the sugarcane and the prevention 
of the imixirt of foreign beet-sugar into India. 



Research Notes 


Synthesis of Factor V from Nicotinic Acid 
in Vitro by Human Erythrocytes 

IlcTiry J. Koliii and Raymond Klein {Jour. liioL, 
Cheni. /J5, 685, 1940) have shown that the incuba- 
tion of deiibrinated luinian blood with nicotinic acid 
increases the factor V content of the blood cells. 
Factor V is the factor necessary for the cultivation of 
I IcmoMiihis parainlluctizac. Of known compounds 
only di- and triphosphoj^vridine nucleotide can serve 
as factor V. 

They alonj^ with Axelrod, CVordon and lUvehjem 
who recently confirnied the synthesis in vivo believed 
that the synthesis occurred in the erythrocytes 
because the factor V content of the normal blood is 
practically confined to them. But Vilter and Si>ies, 
althoiijsdi able to con firm the synthesis in vitro by 
blood cells, state that . . .it seemed that the re<l 
cells stored and carried the en/.ymes instead of per- 
forming the synthesis.” 

Salts in the medium of synthesis and the physi- 
cal conditions markedly affect the synthesis of factor 
V by erythrocytes. The synthesizing ability of the 
cells is greater in Ringer phosphate solution contain- 
ing glucose than alone or in sodium chloride solution. 

On the other hand, the prestaice of oxalate in 
the medium, rough handling of cells and too fre- 
(pient passage through capillary pipettes are reported 
to diminish the synthe.sis. 

P. K . 5 . 


Some Factors Influencing the Oxidation of 
Alanine by Liver Tissue 

It has been shown that boiled extracts of liver 
contain less flavin adenine dinuclcotide when the 
animals arc fed on a diet deficient in flavin and 
that there is also a diminution of O, uptake as mea- 
sured by Warburg technique. A similar diminution 
of Oa uptake with alanine as substrate has also been 
reported. 


This result has been cxjnlirmed in a paper i)iib 
lished by R. J. Rossitcr {Jour. Biol. Chem., jj2, 431, 
1040). He has also demonstrated that additional 
flavin adenine dinuclcotide in vitro caused a greater 
increase in Og uptake of liver preparations from 
animals receiving adequate amounts of riboflavin ami 
concludes that the decrease in the ()a uptake in livei 
preparations from animals fed on a flavin dcficieni 
diet is due to the tleficiency in the d-amino aci(i 
oxidase flavoprolein of W’^ailnirg and Christian. His 
experiment proves that this deficiency can be made 
good by tlic addition of flavin adenine dimicleoti<k 
and this very fact also .suggests that the protein con- 
stituent of the enzyme is present and that it is les^ 
active due to the lack of flavin adenine <linncleotidu. 
Rossitcr has also confirmed the observation of J. K. 
Klein that thyroid treatment causes an increase in 
tile Oa ui)take in presence of d/-alaninc and that then 
is no increase in flavin adenine dinuclcotide conteiil 
of boiled liver extracts of such thyroid-treated ani 
mals even if large amounts of riboflavin are given 
in the diet. 

A. K. 


Pyruvate Oxidation 

Pyruvic acid occupies a central iKisitioii in oxida- 
tion as well as in fermentation. It is the ])riiiuu> 
oxidation product of triosc and the mother substance 
of lactic acid as well as of alcohol. According to 
Szent-flyorgyi, fermentation and oxidation can be 
represented by the following schemes: — 

-2H +2H 

Triose — > Pyruvic acid — > Lactic acid 

-2H +2H H2O +2H 

Triose — > Oxaloacetic — > Malic — > Fumaric 
acid acid acid 

-2H 

Succinic — > WK -O2 
acid 

In these reactions the catalytic function of tlie 
C4-dicarboxylic acids and of their activation he 
enzymes in the cellular respiration of the pigeon breast 
muscles and of a number of other tissues have been 
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\cll established from the experimental point of view, 
file extension of Szent-Gydrgyi’s theory to include 
.;itric acid and ketoglutaric acid has fjeen put forward 
Krebs and his collaborators. 

The main evidences for the occurrence of the 
vilric acid cycle in pigeon breast muscle are as 
lollows : — 

(i) The oxidation of pyruvate is inhibited by 
malonate. 

(«) The malonate inhibition is partially over- 
come by the addition of fuinarate, and 
the extra amonnl of pyruvate used in 
these conditions is in the proixirtion of 
i mol. of pyruvate to each mol. c>f 
added fnmarate. In the presence ot 
malonate, succinate is formed in amounts 
equivalent to the fuinarate. 

{Hi) Under certain conditions fuinarate and 
pyruvate can be shown to form citrate 
and ketoglutarate. 

David Henry Smyth in a pajier (Biochew. jour., 
i.vpi, 1940) has tried to furnish further eviilence for 
ritric acid cycle. Instead of pigeon breast muscle as 
worked upon by Krebs and his co-workers, he has 
n‘.ed that of sheep’s heart. lie concludes that the 
iiKiiti reactions on which the citric acid cycle is 


based occur in minced heart muscle. These reactions 
are the malonate inhibition of oxygen consumption 
and pyruvate usage, the specific effect of fuinarate in 
combining with pyruvate to form succinate in pre- 
sence of nialtjiiate, the formation of citrate and keto- 
gliitarate and the effect of the substances involved in 
the citric aciil cycle in maintaining respiration. 

This work, however, does not meet the points 
raised against the citric acid by Hreiisch {Biochem. 
lour., i757i *0.V>) nor can it throw any light on 
the following observations of Thomas 
7 . 97. 1939). 

(a) The eonversion of oxaloacetate iiib) nialate is 
the sjiine in i»resence and absence of oxygen. 

(b) In presence of arsenate the tliiee Q-dicarb- 
t».\ylic acids vie., malic, fumaric, and succinic acids 
are rapidly transfc>rmed into oxaloacetic acid while 
the same jujkvss in the case of citric acid is slow. 

(c) The catalytic effect of the C, -acids maiiife.sts 
itself within ten minutes after the beginning of the 
experiments whereas the effect of citric acid becomes 
appreciable only after a delay of one hour. 

Whether citric acid behaves like a metabolite or 
a catalyst in muscle respiration is a question of funda- 
mental importance which confront Kreb’s theory of 
“cytric acid cycle”. 

S. R. 


SYNTHETIC RUBBER 

In Germany and Russia the aim of research fOr artificially producing rubber has been to duplicate, 
or nearly duplicate, the projicrtics of natural rubber ; in the United Slates, on the other hand, the 
•M>l'arent objective has been to produce a product superior to natural rubber in some respect, so as to justify, 
m a free market, the higher cost, which is in most cases at least three or four limes that of natural rubber, 
keceiit international events have somewhat changed the American viewpoint, but have not as yet had an 
niilueiicc on the develoi)ment of synthetic rublx*r in that country. 

As a re.sult of these researches, there are thirty varieties of synthetic rubber, almost all of which 
at present in commercial production. The varieties arc grouped in six general cla.sses, according to 
^'liemical composition. The classes are : (1) Chloroprene polymers, (2) butadiene polymers, including 

^"polymers, (3) organic polysulphides, (4) isobutene polymers, (51 plasticized vinyl chloride polymers, 
(6) dimethyl butadiene polymers. Familiar examples of each of these types are, respectively, 

(^) Neoprene, (2) the German Buna rubl^rs, (3) Thickol, (4) Vistanex, (5) Koroseal, and (6) “Methvl 
rubber'*. ’ 



BOOK REVIEW 


From. Savagery to Civilisation -by M. N. Roy, 

(Di.i»est Book House, Calcutta). P/>. 2pt. 

Price Rs. j/S. 

As incntionod in the* pii])lislior*s note, the major 
portion of this l)ook consists of a reprint of a scries 
«)f articles contributed in the columns of the AmtUa 
Pazar Patrika of Calcutta. 

The historical narrative depicting: the reaction of 
the Christian Church of Mediaeval luirope, against 
the memorable and epoch-making scientific dis- 
coveries, especially in the domain of astronomy has 
been presented in a very lucid form by Mr Roy and 
he deserves credit for his able and vigorous delinea- 
tion of the incidents connected with the various 
painful episodes in the history of the development of 
modern science. 

Mr Roy, iK'sides being a i»olitician, is a great 
votary of modern science. He does not also hesi- 
tate to look deep into the various concepts (mostly 
European) of god, religion, and Creation in general. 
He firmly Ixdievcs in the unilateral progress of the 
human race from, what he calls, siivagery to civili- 
sation. In his opinion, the greatest contributing 
factor to the growth of this civilisation is the inven- 
tion and development of “machines**. As a matter 
of fact, his idea of what he considers real civilisation 
must of necessity be linked u]) with the idea of the 
mastery of man over the forces of nature. This 
mastery cannot be achieved without harnessing the 
physical energy of nature, for which puri)ose 
machines are absolutely necessary. In this connec- 
tion he has said many things relating to the concep- 
tion of god and religion which cannot unfortunately 
be universally accepted. Perhaps Mr Roy will 
ascribe this to the influence of superstition which 
still persists in the minds of a large majority among 
the human race— remnant of the savagery from 
which the human race has not yet been freed. Be 
that as it may, no one will dispute the fact that 
science has played and will continue to play the 
most vital part in regulating the progress of the 
human race. This word 'science* has however to lx* 
understood in its all-embracing sense, and its method 
will have to be applied to all branches of knowledge. 
Further, what has been understood as the scientific 


method shoidd not degenerate into a rigid and coii 
ventional procedure, but should continue to bo m 
living system capable of assimilating other methods 
of enquiries, if they helj) to extend the boundary of 
human knowledge. In this catholic spirit we ha\(. 
to proceed from knowledge to knowledge. There i> 
no discernible limit to our march, and no one can 
therefore- not even the greatest scientist -predict 
the journey *s end. Whether the move is coiili- 
miously forward or is caught up sometimes in cosmic 
or chaotic whirlpools, whether the progress is 
unilateral or follows a law of ixribdicity extending 
over millions of years, it is impossible for any 
scientist to predict with certainty. The greater the 
scientist, the greater is his doubt about the why ami 
wherefore of things about him. Therefore in the 
domain of scientific research there is no room for 
dogmatism. This, it is believed, as the predomiiiam 
note sounded by some of the greatest scientists of 
modern limes. It is therefore devoutly to be wished 
that no scientist, however eminent he may be, out- hi 
to presume to settle once for all whether we can d«) 
without a definite concept of god or religion. Tint 
subject ought to be left alone till the flood gate ol 
scientific knowledge pens very much wider. No 
one can say for what length of time mankind will 
have to wait for that day to arrive. 

As already mentioned Mr Roy is an oat 
and out advocate of “machines**. In his opinion 
“machines’* are the great harbingers of civili- 
sation. “Machines**, if properly organised ami 
worked according to definite notions held by tlic 
s<.)cialists and others, will according to him lead tr) 
the salvation (in the material and even in the 
siu'riiual sense) of the human race. Unfortunately 
such is the perversion of nature (or providence, if 
there is such a thing) that calculations sometimes, 
— nay, very often, -go wrong. That is why there ai\ 
innumerable instances around us where “machines” 
instead of leading to the desired end, have produced 
most diabolical re.sults and have involved mankind 
into such fierce scientific savagery compared 
which the unscientific savagery of the ancient times 
pales into insignificance. Of course, it is said that 
this is not the fault of the “machines**, but of these 
who control them. This may be true and theref'ic 
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~, ictice should now apply itself to an investigation 
lo wliy iiiJinkhKl arc so diabolical and why they 
iiiihusc ilie iiiachiiics after centuries of jirofcssion and 
|.;actice of civilisation. Kveii Mr Roy will prcsuni- 
;,i.lv admit that mankind have not really advanced 
1,0111 savagery h) civilisation hut have imhilied a 
mtain amount of so-called civilisaliou and as a 
loiilt, savagery, unable to exist in its naked form 
oi I)v-gone ages, has hid himself in many novel dis- 
guises, such as “race superiority”, “god’s chf»sen 
|ui>ple”, “tile will of providence to rule and for 
.tillers to serve by the supreme decree” and so on 
so forth. Therefore a better title of Mr. Roy’s 
liook would have been “vSavagery and Civilisation” 
than “From vSavagery to Civilisation”. 

'I'lie chapters dealing with the history and 
L-rowth (il socialism, though somewhat brief, will be 
loniid to be of considerable interest to laymen like 
the reviewer. The reviewer has derived real protil 
and ideasure by the perusal of these chapters. N*) 
niie can have any doubt that a benevolent socialism 
\vill leail to all-round welfare and happiness of 
iiiaiikiiid. The difficulty however lies in putting 
the ideals of socialism into practice. Attenii»ts have 
heeii iii.'ide to introduce its principles in fjiie ftfini or 
(illier by violence or harsh regulations of the State. 
Arbitrary powers have been exercised by dictators. 
The methods einploye<l have not satisfied the 
standards of civilisatifiii in all cases. It is doul)tful 
wliellier any country in the world has achieved any 
led Micee>s. iMirtliei' researclies are necessary and 
new inethf)ds have to be evolve<l. In carrying out 
llkNe researches while science and its otTs])rings, the 
iii.ieliiiies, should leceive due recognition, the ininie 
jietnr (if the flraina, vi:., the man iiimself slnmhl 
ureive the first coiisideratifJii. He should not be 
sairiiiced even to the god of civilii-ation namely, 
M-ieiice and machines. It has been said that man is 
a machine; certainly he is, but not in the narrow 
nieclrinical .sense. He is <iuite different from a mere 
“mechanical” machine, if such a term is allowed. 
All exi>erimenter in .sociali.sm will land himself into 
tri.iibles if he overlooks this vital difference. 

II. i\ /;. 


Italian Economy and Culture -by M. Moulik. Pub- 
lished by Chuckerveitty, Chatterjee it Co., I Ad., 
Calcutta, i()/]o. I*Ik i So and indev. /Vfee /\.s. 

file author of this collection of cssjiys on 
“tr(»nonjic and .social tran.sformatimis” in Italy is a 
d' etor of politics of Rome. He is already well known 
his various journalistic contributions on matters 
’elating to contemporary Tuirope and this volume will 
fidiance his reputation. The twelve essiiys range in 


variety from “Tucci, Tibet and India” to “vSibilla 
yXleranio’s Mythical Woman”. 

Il has rc(|iiired some boldness for the author to 
have ventured upon the release of a volume on Italy 
at this lime. Without being propagandist, Moulik 
has been able to be both readable and inforniati\e. 
The Italy of art and senlpliire, of ronmntic move- 
ments and cultural associations, of new* trends in 
liteiature and life is pietured with considerable 
.success. P'or the stu lent of soi*io-econoniic develop- 
ments in Fascist Italy there are two chapters on 
‘ci.rporativisiir and ‘Italy since Carducci’. Mnulik 
does not obtrude his scholarship on the reader and is 
not dull : his performance has nieiits as a literary 
narrative but is not nieanl lo be either critical or 
comparative. 

/I. :V. n. 

Simple Experiments on Physico-Chemical Principles 

by M. b. vScliiolT and A. P. Srivaslava. Pub- 
lished liy the Indian Pharinaceiilical Association, 
Hindu University, Puiiares, 1040. /7». n'iih 

Indfx. Price Rs. 5 or Ss, hd. 

This book written lor students of pharmaceuti- 
cal cheini.stry is welcome in view of the growing 
reeogiiilioii in this country of the iinpoitance of 
physical chemistry and colloid sc-ieiice in medical and 
liiological sciences. 'I'he subject matter of the Ixiok 
has been well anaiiged and its scope has been extend- 
ed fairly widely to inelnde even some of tile im- 
portant advanced experiments in physical chemistry. 

For the ai)])lication of physical iiietlnKls to 
chemistry and allied sciences, the student shouUl be 
ac<iuaiiitcd w'ith the theory, .and should know' how to 
handle the rele\anl forninlai* and eipialioiis, and, 
last bill not the least, how to enter their observa- 
tions in his note l>ook. The authors ajipear to have 
kept all the.se aspects in view. In <lescribing an ex- 
periment they have lucidly discussed the umlerlyiiig 
theory, have given the details of the ap]>aralus 
necessary and pointed out the manner in which data 
should be entered in tile note book. The Ixaok will 
le of great lielj) to every beginner in practical phvsi- 
•cal chemi.slry. 

The book liowever :i])]iears to have been ]niiited 
rather hastily. We would be reallv glad to see the 
K;c)k with le.ss of printers’ devils wiiich in sriiiie cases 
have created some c*onfiision. F(.)r iiist.'iiice, 011 
page 2/4 the syiiilK)! ‘V’ has been used for iliffereiice 
in velocity and also for the volume of the liipiid with 
viscosity 17. We hope these and similar i)oints wall 
be attended to in the next edition. 

The book can also be recommended to all 
beginners other than students of pharmaceutical 
chemistry. 

.S. N. M. 



Leiters to the Editor 


The Viscous and Electrochemical Properties 
of Constituents of Oil-well-drillinj Muds 

In this l.'ilior.'itory wc have been slndyin.i; for 
some lime past the viscous ami electroclkMiiical pro- 
perlies' of bentonites, clays and shales of the type 
ns(.*d in the preparation of oil-well-drilliiig iniids.^ 
Investigations in the Kteld Research Laboratories of 
the Hurmali Oil Co., have shown that a knowledi’e 
of fill and bnITer caiiaeitv of a drilling; tnnd is nst‘fnl 
in tile control rif viscosity and plasteriii.e power, 
ami possibly of other proiierties. The rela- 
tion of pH of clays and bentonites to their 
visctms and thixolrot»ic properties has been observed 



« •.•.of HCl p«r 100 ■.•.of NaOH por 100 eu.of 

ga.of H-lwntonlt^ H-b«ntonlt« 

Fif. 1. 

l.Vi)/c; I'isiiKsiiy mra.^niinirnts itriy ciin'h'd •>uf tiu'aus 
of a mliiry viscoinrlcr.] 

by several workers.'* Hrou.trhton and Ilaiid^ found 
that yiekl value of a bentonite suspension to which 
increasiiiii amounts of caustic soda are added, 
<liminishes from pif 2 ’ 2 to pif 4, increases beyond 
pH 4 to a ma.'vimuin at approximately pH 5 and 


diminishes slowly up to pH 10, the limit to vvliieli 
their data extended. 

'file titration curves of hydrogen clays, hydrov^/ii 
bentonites and their subfractioiis with different bans 
and in presence or absence of sjdts have l>eeii stiulied 
in this lalioratory * in some detail. These curves show 
a v'ariety of features. VVHiat concerns us here is tlu- 
titration curve with NaOII in the absence of salts. 
Dr R. I\ Mitra® observed that hydrogen clays ami 
hydrogen bentonites isolated from different soinT\s 
give two types of poteiitionietric titration curves with 
caustic soda. In the first type the buffer capacitv 
shows only one minimum (called the first iiifle\i<»ii 
point) corresi>omling to the complete neutralisalinii 
of hydrogen ions at a definite level of afiinity ami 
one maximum at approximately the point of halt’ 
neutralisation of the (juantity of acid neiitralisid at 
the inflexion point mentioned above. In the seen ul 
type, the buffer capacity shows two minima and in 
between them one maximum, the curves resetnMiii'j 
those dibasic acids in true solution. 'Phe ini d 
acidity calculated from the first iiinexion jKiint is 



rif. 8 

\Solc: I’iscosily mi-asiirenicnts Ufere carried out by 
of a capillary viscometer.] 




|>ecember, 1940 


Lkttkrs 'fo THE Editor 


Lilly al)<)ut ten to twenty per cent, of that calculated 
lioin the second inflexion point. Correlation of 
iliesc results with observations in the Burnia Oil Co., 
1 .ihoratories would seem to indicate that the bento- 
nites which give best results in the preparation and 
inatnieiit of drilling muds possess the dibasic acid 
Jiaracter. Inferior results have l>een obtained with 
\' hat may be called monobasic acid beiihmites. 

Measurements made in this laboratory show that 
111 the case of hydrogen bentonites treated with 
ihtTereiit amounts of NaOII and MCI there is a close 
lorrelation between yield value, consistency* and 
thixotropy on the one hand and buffer capacity on 
the other. Results obtained with a hydrogen IkmUo- 



a.a. of Itaoa per iC3 gm. of H-bontor^-o 
rg. 3. 


IVd/t’.* \'iscnsHy nn’asmrnu'nts u'ere can led oul by mrafis 
of a I'lipilhirv viscooiclcr.] 

iiile isolated from the entire clay fraction of a natural 
Indian bentonite are given in Fig. i and that from a 
line sub-fraction of the same bentonite in Fig. 2. 
The bulTer capacity (ft) curve in Pb'g. i shows two 
iniiiiiua at />// 2 S and 8 5 respectively and a inaxi- 
iniuii at apiiroximately pH 5 5. The buffer ca])acity 
aKwi rises slee|)ly above pH q'o and below pH 2’.t. 
idle yield \alue (/) and the consistency (V) curves 
>nii parallel to the /:J-curve. The second minimum 
ni the / and i^'-curves, however, occurs at a higher 
P'l . iiameU-, in the vicinity of pH to. The minimum 
c*'iuviitrations (Ci- ) showing thixotroi)y with different 
nniouiits of NaOH and If Cl have been uieasun-d 
:md i/Ct found to vary in the siime way {vide 
^ II as the properties discussed alxjve. In the 
ci-^e of what may be described as the monobasic 
' id bentonite a similar correlation between viscous 
properties and the buffer index has also been ob- 
"•■-i ved {vide Fig. 3). 

t\)iisistfiu*v is the reci|m.eal of mo!)ilily. 


im 

The pos.sibility of controlling properties of dril- 
ling muds by measuring the buffer index is an attrac- 
tive one and further rese*arch is clearly indicated. 

Physical Chemistry Laboratory, 

Ibiivensity College of Science J. Nb Mukherjee. 

and Technology, X. C. vSeii ('lUjUa. 

c)2, rpper Circular Road, 

Calcutta, 25-0-1040. 

Fields Research I^aboratory, A. Rei<l. 

Khodaung, UjTper Hurma. 

* Mukherjee .ind Sen (.ruj)lii, .Vii/ior, 145, 971, 1949. 

* Kvans ainl Reifl, Drilling Mini, Trans. Mia. (irol. Inst., 
India, December, UWfi. 

•' Hoinvink, Klastidiy, Plastii ity and Stiucturc of Matter, 
19.47, p. 351 ; i'reuinllich, Tliixotn)f>y, 1935, j). 35. 

' Hrouglitoii ijinl Hand, Nature^ 142. 193S, 

* Mukherjee and Sen, hid. Jour, .ly/ic. Set.. I. 1S9, 1931. 
Mukherjee, Roychaudhury, Das ('.upta and Chatlerice, ibid, 
2. 938, 1932. Mukherjee. Rovchaudhnry, Muklierjet* and 
Mojuindnr, ibid, 4, 7.43, 1934. Mukherjee, Mitra, iiaiiguly 
and Chatlerjee, ibid, (i, 517, P.MO. Mitra, ibid, (i, 5r5, 19.4b. 
Mukherjee, Mitra atnl Mukherjee, Tians. \al. Inst. Sd. 
India. 1. 227, 19.47. Koti. i hem. Hrih., 47. 1, 19.47. Mitra, 
Mukherjee and Ragchi, hid. Jour. .Igr/c. .Sr/., 10, .493, 1949. 
Mitra, ibid, 317; Mitra and Mitra, ibid, .414; Chatlerjee 
(Silicic aci<l). Jour. Ind. CItem. Soc., Hi, 5S9, t»97, 19.49. 

'• rnpublished rej>ull> by Dr R. P. Mitra. 


X-ray Diffraction Halo of a Flowing Liciuid 

DpkhNO the course of an iuvestigalioii of the 
effect of ati electric field on the viscosity of liciuids 
in this laboratory, it was considered imiiortant to 
ascertain if the motion of the litiuid liad any influence 
which i>enelrated into the molecitlar regions affecting 
the molecular orientations. 

At the suggestion of the author of this note 
X-ray diffraction halo of beu/eiie, which in the usual 
stationary state gives a fairly sliari> ring, was also 
obtained with a cell of special design tbrough which 
benzene was made to flow with a velocity of about 
4 cm. sec. during exposure lo X-rays. 

Preliminary results obtained sliow that the X-ray 
halo of flowing beii/eiie is iiinch more diffuse and 
there is marked dilTciviuv in the iilu lograpiiic densi- 
ties of the halos with stationary and flowing benzene, 
clearlv proving tlial the cybotactic groupings of the 
molecules in the two comlilioiis of benzene are in>t 
identical. 

Fxiieriments are n<iw proceeding with arrange- 
ments which will i»ennit of exact determination of 
the idiotographic densities and licnco intensities of 
the X-ray diffraction beam with the two stales of 
any liiiuid under otherwise identical conditions of 
exposure and development of the plate. It would be, 
it seems, interesting to study in this way the differ- 
ence between polar and non-polar licpiids as revealed 
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by the disturbance due to their (low, alTecling tlieir 
molecular re.^ioiis. 

As a related ijroblem, the effect of flow of litjuidr^ 
on their dielectiic constant, is beiny stiidiL*<l in this 
laboraUay by Professor S. P. Prasad, whose preli- 
minary observations have shown that a real chan.ee 
as Q*onii»ared with the value of the constant in the 
stationary condition of the li(iiiids, does seem to 
exist. 

Further details will l)e published elsewhere when 
results are ready. 

Physics Faboratoiy, 

Science Colle.ee. Kamta Prosad. 

Patna, jn-o-.pi. 


Magnetic Susceptibilities of some Bromides 
and Iodides 

A number of halides have been already studied 
from the p« int of magnetic suscejitibility. '•* 
111 this laboratory a detailed investi.^ation a 
imiiiber of tluoiides was undertaken by Mr. A. A. 
Chowdluiry." 

We have studied the ma.eneti<' susceiitibilities <»f 
the followin.!.; .substances nsiiiy the usual ('.uov 
Melliod and the relation : - - 

F,- l (K, K,! AlP'-m.e 

where h\ - Majuuitude^ of the force on the specimen. 

K, •\'olume susceiitibility of the specimen. 

K.., - ,, ,, ,, ,, ,, medium. 

II I'ield streui.ith. 

A --.Xrca ol cross-section of the specimen. 

III - Ma.i'iietic pull in .i;ms. on the specimen. 

-"Constant of j.iravity. 

I'ollow iii.e re.siilts were «»btaiiu*d : — 
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Details will be published elsewhere. 

Physical Falxes atories, 

AhVarh Muslim ( hiiversity, (Minlaiii FanM. 

Ali.earh, 16-10-40. 

M. 7 ’. r. P;ni^ S. liMT. 

I hid., 17, UU7. 

.\. c lum illu-\ , ( uncut Science, ft, 580, P.UO, .ml 
Ali.earli Mu^^lini t’liiversity M.Sc. Dis^erlalioii IIMO. 


Energy-levels of an Artificially Bounded 
Linear Oscillator 

Souiiuerfeld and Welker’, because of its pos^ihli- 
astrophysical aiiplicatiou, have recently discussed tiu- 
problem of the .ground state of the H-atom, siihject 
to the artificial Ixnindary condition that it is enclosed 
within a sphere of radius r„. 'fhe ei.t»en-fuiicti'>ii 
has to vanish at r~r„, and the eiieiey W of tli^. 
.ground stale is a function of r„. The election is 
bound to the nucleus (\V<o) for r>i’S.ps Oii f'f 1 
Hohr-radius, on 0 53 A.l’.l, while for r„>i ys w i, 
\\' is ]>ositive. 

The present note deals with the case ol tlir 
linear Icrmonic oscillator. 

The Schrddineer eciuation is 



where m is the mass of the particle and 
potential eiieriiy for a disidacement .v. It is usii;il 

to deSiie a i)rr)i)er-fre<iuency by 

in 

and write eiiuatioii (i) in the form 



where - by, (n H- D, 


(C'll .),NJtr ('lVtra-tiu‘lIi\ I-inntiif>iiiuiii- 
hnmiuU) ... ... 
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riic natural Ixjitndary condition is 0">o as x — >±00, 
1(1 for this case n is a positive integer including 
ro. 


We shall consider the oscillator subject to the 
nlihcial boundarv condition that tp =0 at x— ±/, 

nr 

^ the oscillator is eiicloscnl between intinitely high 
i!id in'nite^v sleep poleiilial walls at jf=±/. Solv- 

(2) by the method of aj^proximate solution we 
111(1 that 


^ 8tti/l 


I + 






wliich is valid so long as the second term in the 
1 . rackets \ | is small compared to \uiity. The 
length /„ is defined by 



/, corresponds to the (ctassical) ‘ainplilude’ of the 
iiscillator when its energy is hv,. and <1 is an integer ; 
it is one for the ground state, two for the second 
^t:lte, and so (Mi. For the natural boundary condition 

/ -> -=hi'.. ((!-?). 



Hu nnve W’, is for the grouiul slate and VV, for the 
0 . 11 , 1 slate. m)** dotted curve represents 

/ I \2 

’ 4 C ,J 


Figure 1 represents W h^o against / /„ for the 
ground state (q^ i) ami the second state ((p 2). The 
dotted curve corresponds to 
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W 
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In the case of the ground stale, when the 

oscillator behaves as a inactically unbounded (oscilla- 
tor and the energy is very nearly '.hxo. As / 
decreases, the energy increases and for /<^/„ the 

h* 

energy is practically given liv „ . . 

' 8m/ 


To illustrate an applicali(on of these results we 
take a recent investigalicjii I»y Wildhack" on the 
protoii-deulenjii transformation as a source of energy 
in dense star^. lie considers tlie motion of a proton 
in the interior of a while dwarf to correspond to an 
oscillator of inoper fre(|uency >’0, 


V 


o 



m ur'* 


) 


(S) 


where c is the electron charge, in i llie proton-mass 
and 2r is the distance between nearest protons, r 
will correspond to / in onr theory. The energy in 
the ground slate is taken bv Wildhack to be !'.di»'o- 
This, however, as we have seen, is justified only so 
long as which on siibstilnting from (7) and (S) 


gives 


81 m. 
*’^2*3 m„ 


ffn ^ 


I ‘o V i() ‘" cm., 


where m„ is the mass of the electron. For smaller 
values of r, the energy will ]>e ap]neciably greater 
than However, to neglect this increase in 

energy with r dei^reasing l>elow lo cm. is not incon- 
sistent wdth Wildhack’s inve.stigalion as it is coii- 
cenicd with the lower limit of the rate of energy 
evolution in stellar matter. 

A detailed discussion of the pmbleni of the 
bfuindcd sim])le harmonic oscillator w ill be published 
elsewhere. 


Department of Physics, 
Ihiivcrsily of Delhi, 
Delhi, 1S-10-1940. 


I). S. FCothari. 
F. C. Anlnck. 
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The Drugs and Pharmacy Acts for India 


^pilK passing of the Drugs Act by the Central 
Legislature in April last and the shortage of 
drugs due to the stoppage of imports from the con- 
liiieiil of Europe have brought to the fore the 
lUKstion of developing the pharmaceutical industry 
ill this country. The cognate subject of a proper 
leorganisation of pharmaceutical studies in Indian 
universities is also receiving attention. The Govern- 
iiKiit of India has assured the I.egislatnre that a 
eninprehensive Pharmacy Bill will be taken np .in 
iliu near future and has expressed the hope that the 
twin measures will so regulate the import, manufac- 
ture and sale of drugs and so organise the profession 
"f pharmacy that the Indian public will have a very 
ellieient service in a matter of such vital concern to 
the nation. 

The Drugs Act, in spite of sonic defects and 
shortcomings which we hope will soon be remedied, 
:i well -conceived measure and as such has been 
weV'omed everywhere. The control of drugs has 
I'eeii always found to be a problem of considerable 
diflii iilty and complexity. Even in countries imbued 
with the spirit of modern science, there is a great 
ticiiuind for secret remedies. In India where right 
thinking in such matters docs not practically exist 
nii'l where the public arc exceedingly credulous and 
i'thLwe in all kinds of mysticism, the task before the 
I'i^^ician and the pharmacist is almost snpcrhntnan. 

India many of the most serious disca.ses are 
•»ii liable to proper treatment by drugs whose value 
has Peen assessed by proper scientific methods, e.;?., 
kala-a7.ar, diphtheria, amoebic and bacillary 


dysentery, relapsing fever, syiihilis, etc. The admi- 
nistration f)f useless remedies in thuse oases is not 
a harmless comedy. It is a question of life and 
death. Victims of quacks are no less to be pitied 
than victims of Nazism or imiterialislic capitalism 
and we cannot in this country adopt too soon a 
therapy based on the princifiles of exact science. We 
arc glad that the Drugs Act iirohibits the sale of 
riatent medicines unless there is displayed on the label 
the true formula or a list of ingredients contained 
in them. As a further step in this direction, “the 
insertion of advertisements of remedies for which 
exaggerated unwarranted and fraudulent elaims arc 
made should be prohibited*’. This will prevent to 
a large extent the cruel fraud which is being per- 
petrated on ignorant and helpless people l.)y supplying 
them with bogus remedies. 

But such types of regulating and prohibiting 
measures will not suffice. We should not forgot for 
M moment that ours is almost the poorest country 
in the world. The aim should be to bring the 
blessings of modern therapy to the door of the poorest. 
Simultaneous progress in many directions is necessary 
to achieve this end, and well -planned vStatc efforts 
appear essential for success. 

The change from the administration of wild herbs 
in the crude state to that of synthetic drugs or 
potent biological preparations is perhaps one of the 
highest achievements of human endeavour. But 
unfortunately these drugs and biological preparations 
are manufactured under such an economic system 
that their benefits are only enjoyed by a few. We 
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arc told that in Russia patent laws do not apply. 
The vSovict (joverrinicnt make all the incdioinos that 
are noeded for the people of the repiddic with the 
most cynical disretiard of the rights of those foreign 
capitalistic cf)ncerns who claim proprietary control 
over the production of such dni.es. The result is, 
that hi.ehly specific modern dru.es can be supplied 
to the masses of th.e Soviet Republic at a cost which 
is \’ery small compared with the i)rices that prevail 
in countries which observe the patent laws. In fact, 
that r.overnmcnt takes iileasurc in disclosin.e to all 
health oi’.i^anisalions in all parts of the world, details 
re.eardin.e the processes for the manufacture f)f 
important dni.us in Russia. Thus, the method that 
is enii)loyi‘<l for the manufacture of atebrin in Russni, 
has been .eiveii in detail to an important t)ublic heallh 
organisation in India. The .ereat Pasteur, who is 
the father of modern preventive medicine and the 
therapy based biolo.^ical ])reparations, never took 
any patent to en.joy the fruits of his discoveries. 
Why should not his example be followed by dis- 
coverers tint come after him ? But until that con- 
snniniatioii comes, the Government of India will do 
well to enact that patent rifthls, held by nationals or 
concerns of enemy countries or their branches in 
neutral countries, can be disre.!y[arded in India and 
that dni.qs like prontosil, atebrin, salvarsan, etc., can 
be manufactured and sold freely in India subject Ir) 
the general control of the Dni.ofs Act. We draw' the 
attention of Dr J. N. Ray, wdio has just been 
appointed to the newly created post of director of 
druK production to this aspect of the t)rol)lem ; and 
wc hope that after the war is over, the main problem 
before the director .should be to so low’er Ibc cost 
of dni.e:s that they may be available to the remotest 
villa.^e. 

The Indian Drugs Knquiry Committee recom- 
mended very strongly that steps should be taken 
immediately to bring into being an Indian pharma- 
copoeia. The majority of drugs included in tlu\ 
pharmacopoeia of any country are derived from tlie 
vegetable kingdom. Sir J. 1). Hooker once observed 
that the flora of British India wjis more varied Ilian 
that of any other country of equal area in the globe. 
The rcsearclics of Col. Chopra and his school iioint 
to the possibility of manufacturing from Indian 
vegetable products any drugs almost equal in thera- 
peutic value to those that are often imported now. 
The minor forest products sections of the forest 
departnieiits in India are now keenly alive to the 
cultivation and systematic collection of herbs of 
pharmacological value. Such efforts can be given 


an impetus, and organised on a permanent basis, if 
the preparation of an Indian pharmacopoeia is inim. - 
diatcly taken in hand. In the debate on the Drii. s 
Bill many non-official members of the Assemh.y 
pressed this point of view' strongly. No assuraiu^ 
was however forthcoming from the Government tli.u 
this demand wm' 11 be considered sympathetically. 
Pharmaceutical studies of Indian drugs are still in 
their infancy. The difference in chemical compoM’. 
ti«)ii and physiological action of varieties of the sanii 
species, the stage of growth at wdiieli maxiniiiin 
therapeutical potency is attained, the nature of 
adulterants commonly found — these and many otli. i 
matters of similar kind require thorough investiLM 
lion. And, this can only l>e effectively done by :i 
Stale agency provided with ami)le resources and 
charged with the duty of preparin.g an Indian phaniia- 
copocia. 'riie ex])enditui e involved in the vent lire 
will amply repay itself by lowering the cost of (buys 
of indigenous origin and bringing them wdthin tin- 
purchasing power of the bulk of our countrymen. 

Administratic)!! of modern medicaments require^ 
skilled physicians wdio have been properly trained in 
modern hospitals in up-to-date methods of dia.gn()sis 
and scientific therapy. There is a school of thonylil 
w’ho believe that for rural areas, the orthodox 
indigenous systems f)f Ayurvedic and Unani inedi' 
cities arc sufficient. This is a pernicious view. The 
art of healing should make no divStinction between 
the rich and the poor. Wc hope that soon cin.n.gh 
all that is best in the indigenous systems will form :m 
integral part of the Indian national pharmacopfKiri 
The aim should be to train up only one tepe ot 
medical practitioners in the country and that, tin- 
best. The services of such medical men should he 
made avrdable to the people in the econoinieilly 
backward rural areas, by a system of vState subside 
wdiich will encourage them to settle down in the 
country. Indeed this policy has been followed for 
some time by the Madras Government ; and, it 
appears, with considerable success. 

In any scheme for the regeneration t)f the 
pharmaceutical industry of the country. Iho 
pharmacist must hold the key position. There 
good deal of confused thinkin.g prevalent in Indiii 
regarding the status and scope of activities 
pharmaci.st. Modern pharmacy includes the Wh’"-' 
iiig main subjects of study : 

(a) Crude drugs, their Iwtanical sources, 
identification, and the detection of their suhstitntcj' 



Irmuary, 1941 


The Drugs and Pharmacy Acts kor India 


375 


;,n(l adiiltcTants this branch is known as phariiia- 
ovunosy. 

(b) Standardisation of pharmaceutical substances, 
;iii(l their preparation by chemical methods wherever 
|.nssible- this branch is known as pharmaceutical 
clieiiiistry. 

(c) Preparation of materials in a convenient form 
tor use as medicines and preparation of medicines 
Iroin chemical or biological sources in forms suitable 
loi administration or application this branch is 
kimwn as pharmaceutics. 

The medical organisjition of this country has so 
far regarded the medical men lioth as physicians and 
pliarmacists and did not recognise any independent 
profession of pharmacy. This was perhaps natural in 
llie early stages of application of modern medical 
svieiice in India. But the experience of advanced 
countries has shown the advantage of separating the 
two professions, and the time for making such a 
change in India is ripe. The manufacture and dis- 
pensing of drugs have now become a siiecialist’s job 
ami the sooner it is so recognised the better. Until 
recently there was no provision in any of the univer- 
sities for the teaching of pharmacy. The Hindu 
I niversity of Benares with commendable foresight 
inciiuled hi 1932, pharmaceutical chemistry as one of 
the subjects for the degree of bachelor of science, 
'i’his was followed up in 1937 by a comprehensive 
tliiev years* course leading to the degree of liachelor 
of pharmacy. Some time ago the Government of 
Hi-ngjil appointed a committee with Col. Chopra as 
cliairniaii to draw a scheme for a college of pharmacy, 
:iud Dr Ankelsiiria of Ahniedabad promised a dona- 
tion of two lakhs of rupees for the establishment of 
tile college. It is not known how far the scheme has 
I'logressed, but the University of Calcutta has very 
Idily intrcKluccd pharmaceutical chemistry as a 
M'ecial subject in pOvStgracluate studies. In ^Madras, 
thi' universities have been more alive to the needs of 
hi^lier pharmaceutical studies, and the subject now 
f'>iuis a part of the B.Sc. degree course in l)oth 
Andhra and Aladras Universities. These are iiointers 
ill the right direction. The administration of the 
bi iigs Act and the j^roposed Pharmacy Act will create 
•1 continuous demand for pharmacists who will not 
'>i'iy be dispensing medicines, but also will be highly 
dallied experts who will be in the main responsible 

manufacture of. pharmaceutical preparations and 
^<>1 the inspection and testing of drugs imported or 
iiiiuuifactured in India. It is very desirable therefore 


that the Central Government should suppleiiiLiit 
the efforts of provincial Governments and universilies 
for improving the facilities of pliannaceutical train- 
ing by liberal grants. The Drug Committee recom- 
iiieiided that funds might be raise<l for this ])nrpose 
by the imposilioii of an extra 5 per cent, import duty 
«m drugs and by tbc suitable levy of excise duly on 
proprietary medicines manufactured in India. When- 
ever, in India, there has been a public demand for the 
large scale development of industries the counUa* 
suggestion has lieeii made that such development is 
not possible for lack of experts. And again facilities 
for training e.xperts in India have been objected to 
on tile gruiiiid llial there is little likelihood of the 
absoriHioii of such experts in industries. A deter- 
mined attempt must now be made to break this 
vieioiis circle which vested interests would like to 
keep going oil its merry round for an indefinite 
fulure ; and the custodians of i)ublic funds should be 
presented with the united demand of the people that 
the purse strings shall always be open for training 
ill our own country the technicians that we require 
for our industrial develoimieiit. The development of 
the pharmaceutical industry is a ])art of this bigger 
problem, and, in \’iew of its intimate relationship 
with the health of the nation, should receive the 
immediate attention of the piildic and the Govern- 
ment. 

While advocating the recognition of pharmacy 
as an independent profession, we should stress all 
the more the need of the closest co-operation between 
research workers in the field of medicine and 
synthetic chemistry in India. Indeed the members 
of the chemical and the medical professions have a 
heavN" responsibility to discharge at this juncture. 
The rapid advance in modern therapeutics in Europe 
and America has been due to their intimate and con- 
tinuous co-operation. “Progress in the field of 
evolution of new medicaments cannot be achieved by 
Miiedical men and chemists working single-handed in 
water-tight compartments isolated from each other 
and following up their own leads. They must guide 
and be guided by each other in their effort to seek 
the truth .... There are, at a moderate estimate, 
nearly 10,000 synthetic compounds awaiting to be 
pharmacologically and clinically evaluated without 
which they will remain only as academic curiosities 
and never find use in therapeutics ... - In our 
country Sir U. N. Brahniachari gained signal success 
in the elaboration of a new compound for treatment 
of kala-azar because he combined in himself both 
chemical and medical knowledge. Therefore the 
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highest hoi)es for fiirihLr results in iiroductivc drug 
synthesis c;iii lie only where chemists and biologists 
work together, endeavouring to promote knowledge 
which will be of value in the relief of human suffer- 
ing. Lucky indeed is the pharmacological research 
worker who can secure the sincere services of a 
synthetic chemist, and conversely, lucky is the 
synthetic chemist who has a pharmacologist as a 
collalKU'ator.”* ft is a welcome sign of the times 
that the Indian Institute of vScieiicc at Hangalore has 


taken a forward step in creating a lecturership - i 
pharmacology to carry on collaboration work wuu 
the department of chemistry. We hope that tl... 
exainjdc will also be followed in all the higher ceiitj . >, 
of research in chemistry in India, and the talents . i 
Indian chemists will be harnessed in association with 
those of pharmacologists to produce newer and niui\- 
potent drugs for the alleviation of human suffering. 

* P'xlrarls from an addrt*>s hy Dr U. Mukerji to 
Inslitntinii of Chemists (India). 


HUMAN ACTIVITY AND CLIMATIC CHANGES 

Dr Clarence A Mills, professor of experimental medicine at the University of Cincinnati wiit<.s in 
the Scienlijic Amcncan of October, 1940 that years of investigation have revealed that the primary 
of variations in human capacity for doing things is the case or dilTiculty of heat loss from the body. This 
capacity liowevcr differs widely from place to place and from time to time. Every activity of body is 
dependent on the combustion of foodstuffs in the the cells and the consequent liberation of heat aiul 

energy. Hence the factors that delermine the combustion rate control the general activity and the 

energy level of the individual. On the basis of Weather Dureau statistics for the past 65 years, Dr Mills 
has C(jrrelated I he temperature changes of the climate with business activity and has found remarkably 

high coincidence of l.)iisiucss recessions with the periods of elevated temperatures and vice vensa. lie bus 

investigaleil the body growth of mice in relation to environmental temperature and has shown that the 
mouse raised under identical conditions except in a cold atmosphere has a large and robust form, but 
the ones raised in warmth live longer, though l\is actively. Recently air-conditioning of offices unJ 
factories has been found to give extra energy and efficiency to the woikers. 

The gradual rise in earth temperature follows a cyclic curve comprising nearly 2000 years. The 
last liigli point came with the warmth of the Middle Ages (800-1000 A.D.) the low point occurring abuiit 
1850. Since then the temperature has risen, and specially after 1920 the rise is very severe. Ur MiH^^ 
observes that it was the cold of the last century which provided an abundance of energy and invcnli^e 
genius. The present decay of the population including fall in birth rate has been attributed by him to 
the rise of temperature. 
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with the figure of one-horiicd Urns 
^ bull and picture-writing that are the most 
I'haracteristic relics of the Chalcolithic civilisation of 
llu* Indus valley were first discovered on the inounds 
(»[ Harappa on a dry bed of the Ravi in the Moiit- 
i^oiiiery district in the Punjab. Sir John Marshall 
arranged the excavation of Harappa in 1Q20-21 
Ihrough late Rai Bahadur Dayaram Sahni. I,ate Mr. 
kakhaldas Banerji initiated the excavations at 
Molienjo-daro a year later. Since then, the excava- 
liDiis of both the sites have been continued for a 
ilL-cade simultaneously. But though the site of 
Harappa was discovered first, and its excavation was 
lirsi begun, adequate publication of the discoveries 
made there has come last. The excavations at 
.\roIicnio-daro between 1922 and 1927 have been des- 
cribed and illustrated in three magnificent volumes 
ciililled Mohenjo’daro and the Indus Civilisation 
edited by Sir John Marshall (1931), and those between 
tlk* years 1927 and 1931 in two volumes entitled, 
i urilier Excavations at Mohenjo-daro* by Dr Iv. J. H. 
Miickay (1938). Excavations at Harappa were carried 
1^11 by late Rai Bahadur Dayaram Sahni between 1920 
iuid 1925, and by Mr Madho Sarup Vats continually 
ior eight years between 1926 and 1934. The results 
ot these operations have now been published by Mr 
\ 'its in two volumes, t 

Mr Vats has carried out his work carefully aiul 
cniiscieutiously, and his volumes arc worthy coniple- 
iiuMit to the five volumes on the excavations at 
Moll ell jo-daro. Sir John Marshall considers the 
1 villains of Mohenjo-daro “probably not earlier than 
3 - 5 ‘‘ B.C., or later than 2750 B.C.“, and thus attri- 
huies to the city a lifetime of 500 years. Dr Mackay, 
‘>H the basis of finds at Tell-Asmar in Mesoi^otamia, 

detailed review of these volumes was juiblished in 
NCE and CuWure, 5, 5-9, 89-94, 1939-40. 

\ ^''Xcavations at Harappa: Heing an account of 
j c laeological excavations at Harappa carried out between 
iw J920-21 and 1933-34. By Madho Sarup Vats, M.A., 
^**'®ctor-Gcneral of Archaeology in India, Delhi, 
In two volumes. Price Rs. 42/-. 


Indian Museum, Calcutta. 

puts the upper limit to about 2500 B.C. and allows 
300 years between the uppermost and the lowest 
attainable strata of Mohenjo-daro. Mr Vats adopts 
vSir John MarshalPs scheme of chronology of the ruins 
of Mohenjo-daro for fixing the apinoximale date of 
the strata of the remains of Harappa, Init he proposes 
to t)iish backward the age of the city by 250 years 
(3500 B. C.). His evidence for such a conclusion is 
thus stated by him ; 

“Slanipcd .seals of the types tlescrihed alKJve 
diminish both in size and niiml>crs from the IVth 
stratum ilown wards iu Mound F ; and so also do the 
terracotta and faience sealings. Their idace is taken 
by a class of very small seals and sealings which are 
not represented at all at ^loheiijo-daro, presumably 
because the strata exposed on that site are iwsterior 
to the age to which these early seals belong, A few 
of the larger .seals have, it is true, found their way 
into the earlier strata anti a few of the miniature 
.seals into the later, but such occa.sional finds can 
hardly cause surruise, when we bear in mind the 
cxleiil to which this site has been dug into and des- 
poiled in tile past ; nor do they invalidate the con- 
clusion that the larger seals were i)receded by the 
miniature ones’* (page 32-1). 

The small seals and sealings may be local pro- 
ducts not used by the population of Mohenjo-daro, 
/and therefore their absence from the lowest stratum 
of Mohenjo-daro does not necesstirily indicate the 
po.stenority of tiuit stratum to the miniature seal- 
bearing strata of Harappa. Deep digging carried on 
by Mr Vats of Mound K at Harappa has not enabled 
him to trace the crude beginnings of the culture of 
the city. The best-execulcd representation of a 
Brahmani bull occurs on a square steatite seal found 
ill association with stratum VII (page 97 ; PI. XCI, 
236). The figure of a crocodile carved ou the reverse 
of a liny seal found in I he same stratum is not ill- 
e-xecuted (PI. XCVI, 430). In the Vlllth stratum 
three terracotta objects were found which Mr Vats 
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docs not think it worth while to reproduce. He 
ob.serve.s, “It is possible that below Vlllth stratum 
virgin soil has already been reached*’ (page 97). So 
it may be inferreil that the city of liarappa was 
fnnndod after the i)eople of the Indus valley had 
already developed their civilization, their i>eculiar 
picture-writing and seal-making. 

Of far greater interest than the earlier strata 
of Harajipa is the i>rehistoric cemetery in area H 
which is later in date than the latest stratum of the 
remains of the city pro])er. Nature helped Mr Vats 
to discf)ver the iJiecious relics buried in this area. 
Rain water rushing over the .site after a heavy shower 
uncovered the neck of one of a group of four burial 
j)ots which lay concealed almost immediately below 
the surface. Only three feet to the south, Mr V’ats 
discovered .seven other burial pots and was thereby 
convinced that he had discovered a cemetery, and 
then made necessary arrangement for the excavation 
of the area on a reasonably extensive scale. In this 
cemetery ^Mr Vats di.stingui.shcs two strata. In the 
ui)per .stratum selected Ixmes of the dead are put in 
jars and buried ; in the lower stratum either the 
entire bcxly or a part of it is laid on the earth and 
buried. The type of burial of the upper stratum Mr 
Vats designates pot-burial, and of the lower stratum, 
eartli-lmrial. On archaeological evidence Mr Vats 
con.siders the two strata of burials more or less con- 
temporary. He writes : 

“Now, as sherds typical of burial pottery of 
Strata I and II were, in many casc.s, found mixed up 
together on the mounds, it is unlikely that the two 
strata were separated from each other by any very 
great length of time, and the fact that in the Ceme- 
tery itself there is not much debris between them 
lends further support to this view. Further, in so 
far as earth-burials must be inhumed at a safely low 
level, the mere fact that pot-burials lay alx>ve theii^ 
or at a higher level would not iioce.ssarily indicate aii 
earlier date for the former ; indeed it is quite con- 
ceivable that the two .strata which arc not .separated 
l)y any structural remains, may be more or less con- 
temporary*’ (Page 234). 

Hut on account of what Mr Vats regards as the 
radical difference of luelhfKls of disposal of the dead 
l>ctween jar-burial of stratum J on the one hand, and 
earth-burial, cx)m])lete or fractional, of stratum II on 
the other, he holds “that this sudden and startling 
change from one kind of burial to the other within 
a comparatively short space of time was due to some 


racial or cultural upheaval brought about by the im. 
niigration of a foreign peopde into this district of tm- 
Punjab**. Though laying stress on racial or cnltiiial 
upheaval as the probable cause of the change from ihu 
earth-burial to the jar-burial, Mr Vats dex^s not coiisi- 
der the evolution of the latter type from the foriiii r 
an itiqKJSsibility. He divides the cemetery into an 
western section and an eastern section. In the 
eastern section fractional burial or burial on earth of 
a few .selected bones of the dead is rare, but in tli. 
extension of the ^^■esterll section the earth-lnirinl is 
invariably fractional (page 220). The change from 
the complete earth-burial to the fractional earth-inn ial 
presupp(^ses the exposure of the dead lx)dy to be loin 
to pieces by carnivorous animals and birds, and, niter 
its partial destruction or lo.ss, burial of the remnants. 
The ideological difference between the t)reservation of 
the whole body by burying it, and exposing the l>o(l\ 
till only a few bones remain to be buried, appears to 
be much wider than the burial of a few sc*lcctcd Ijoiius 
on the earth or burying them in a jar. 

Mr Hargreaves excavated vSohr Damb near Nal 
in the Jhalawan District in Haluchisiaii and theiviii 
found tliree types of inhumation : (i) complete burials 
in defined graves (within walls of sun-dried bricks) ; 
(//) complete burials in undefined graves ; ainl 
(in) fractional burials where a few selected bones are 
placed on earth or deposited in jars. Of the latUr 
class of fractional burial Mr Hargreaves gives two 
indisputable examples : 

(Groui) I^ ill A 61 — “A large broken, open bowl 
contained earth and five smaller vessels. In the eiirlh 
and between the small vases were pieces of a rib, [larl 
of a pelvic ])one and many small bones. These; apixai 
to hav^c been idaced therein**. 

(Remains in Trench P)) — “A shallow bowl fuimd 
in A 13 held a small damaged squat pot and betwci n 
the two was the curved fragment of a skull wlnoi^ 
could not t)ossibly have found its way there by acci- 
dent, Pl.XVC.”* 

Like area H at Harappa, Mr Hargreaves foiiiul 
vSohr Damb “to be devoted entirely to the puri»<)Ses 
of a necropolis” (cemetery). About the relative 
of the burials Mr Hargreaves writes, “One thinj.’ 
certain, that at Nal (Sohr Damb) several diffeictil 
forms of inhumation were in vogue at the same time 
and these cannot repre.sent any evolutionary poj- 
cess**.t Gn the analogy of the burials at Sohr Damb, 
Mr Vats* suggestion that earth -burials must be at a 

•Mem. A. S. /., No. 35, page 24-25. 

t Mem. A. S. /., No. 35, page 28. 
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^.liely low level, the mere fact that i)ot-burials are 
f. iitid at a hii^her level docs not necessarily indicate 
;i later date for the former, is a sound one. 

Thoiip:h the change from earth-burial, complete 
,,i fractional, to fractional jar-burial may nf)t be con- 
^i.li'fcd a cultural ui)heaval, the change from crema- 
tion to burial does indicate such an upheaval. vSir 
ji.liii Marshall has fully dealt with the different 
iiietlnwls of dis])osal of the dead at Moheiijo-daro and 
Ihirappa in the Mohenjo-daro and the Indus Civilisa- 
liou, Chapter VI. lie concludes, “To revert, how- 
ever, to Mohenjo-daro and Harappa- -so far as our 
evi lienee ^^oes at present it seems probable that the 
iiMUil method of disposing*' of the dead diirinif the 
floiirishin”: period of the Indus Civilisiition was by 
eiviiiation. That cremation was iiractised is conclit- 
sively proved, as we have Ix^en, by the finding of 
I'iiu rary urns or other recei)tacles conlainin.u: calcined 
liiiinan lx)ncs and ashes to.eether with vessc-ls of burnt 
find other offerin.c^s for the dead and the sundry arti- 
cles for use in after life’*. Hr Mackay writes in the 
F Hither Excavations at Mohenjo-daro, “The complete 
:il)seiice of burials, save a few which circumstances 
yu,e,i;est were the victims of tra.eedies and a few frac- 
tional burials, points to cremation as the chief mode 
of disposal of the dead’’ (pa.i>e 6^iS). Accordin.e to vSir 
Joliii Marshall, “the few cxanii)les of fractional 
1)11 rial that appear at Mohenjo-daro and Harappa 
dmiiij;> the Indus Period are due to the presence of 
forL‘i.L»n elements.” 

Whence came these foreign elements who 
I>rnctised the burial of selected bones in jars found 
in the ruins of the cities of Mohenjo-daro and 
Harappa, and whence came the peoi)le whose dead 
arc buried in the cemetery in Area H at Harappa? 
As the culture of this people is akin to the culture 
‘>f the people who buried their dead at Sohr Damb 
(Nal) and Shahi-tump in Baluchistan and may V)e 
haced as far as Persia, S\r John Marshall sujr^ests 
that they came from the west. The last and the 
kirccst batch of these imnn^rants came when the old 
nty of Harappa was in a slate of decline and occupied 
’t. These inimii^rants consisted of two elements, 
‘•uc of which practised complete burials of the dead, 
^md the other practised first exposure of the dead and 
Ihcn fractional burial. Frfictional burial, whether on 
ynitli or in jar, is a combination of the two usages. 
’*dui Illation and exposure. 

Ho these latest settlers of Harappa briuft us 
’•ifircr to the Vedic Aryans than their predecessors in 
I“>im of culture? Mr Vats leaves this question open. 


“The connexions or affinities Ixtweeii the Vedic 
Aryans”, he writes, “and the cultures connected with 
the Harapi)a burials are not yet (luitc clear” (p. 20 q). 
Rut he notes certain similarities in beliefs on the 
basis of painting’s on the burial jars. He endeavours 
to exidain the.se paintings in the light of Hindu 
beliefs in life after death as deiuied in the Hindu 
sacred l>ooks. Rut it seems to me safer to trace the 
inspiration of these paintings on the burial jars of the 
Harappa cemetery on the one hand, and those on 
the funeral pottery of vSohr Damb (Nal) and other 
similar sites of Baluchistan on the other, to a 
common source. 

Different modes of tlisposal of the dead practised 
by the Vedic Aryans has been fully discussed by me 
in a paper entitled The Indus \^alley in the Vedic 
Ecriod* from which I shall give an extract : — 

“The way or ways in which the Vedic Aryans 
disposed of their dead is first referred to in the funeral 
hymns of the Rii^veda (lo, most of the stanzas 

of which also recur in the Atharvaveda, Rook iS, and 
the Taittiriya Aranyaka, Chapter 6. In one stanza 
of the Riyiveda (lo, 15, i,>i) fathers who are agni- 
dagdhah, ‘cremated’, and who are anaf^nidaj^dhah, 
‘not cremated’, are referred to. This stanza also 
occurs in the Atharvaveda (rS, 2, 34) and, with slight 
variation, in the Vajasaneya Samhita or the WHiite 
Yajurveda (iq, 60). ‘Not cremated’ or ‘not burnt 
with fire’ does not necessarily mean ‘buried*, as Prof. 
.Macdonell sui>poses, but may as well refer to those 
who could not be cremated by accident. Rigveda 
(10, iS, 10-13) is supposed by some to refer to the 
burial of the uncremated body. Rut according to 
the Asvalayana-frrihya-sutra (4, 3, 7-10), the.se stanzas 
refer, not to the burial of the uncremated Ixidy, hut 
to the burial in a cinerary urn of the bone relics of 
a body that has already been cremated”. 

^ The author of the Sutra presupposes the preser- 
^vation of considerable number of bones after crema- 
tion for burial in an urn. It is stated (4, 6, 5-6), 
“With the thumb and tlie fourth finger they should 
put each single bone (into the urn) without making 
a noise. ’I'he feet first and the head last”. The 
students of the different Vedas, the Rij^veda, the 
Sainavcda, the Atharvaveda and the Yajurveda in its 
two recensions, the Black Yajurveila and the White 
Yajurveda, practically formed six different' sects of 
Brahmans who evidently followed different methods 

^ Mem. .1. S. No. .U, C'aUnitla, 1926. I'or references 
and extracts on the disix)sal uf the dead see pages 9-13. 
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of post-cremation burial of calcined bones. Accordinj? 
to the Kausikasutni of the Alharvnvcdn, the calcined 
Ixmcs are collected on the third day after cremation 
and deposited in a jar which is buried under a tree. 
But later on the bones are taken out of the jar and 
deposited on earth in a pit where they are rearran.i’ed 
in the form of a human skeleton. According to the 
ritual book, the Sataf^ntlia lirahmana of the White 
Yajurveda, the charred liones are ])ourcd from the 
jar on ploughed land, rearran.e:ed in the form of the 
skeleton of the dea<l man limb by limb ; thirteen 
liricks, each nieasurin.i> .'i foot sipiare, are then placed 
on them, and a mound of earth is erected on the 
bricks. This was the custom of the westerners or 
inhabitants of the Indus valley according Ip this 
authority. The easterners and others first covered 
the entire .site with bricks and then placed the l>ones 
and erected the mound on them. AcoorditiK to the 
Pitrimedhasutra of Oautama attached to the Sama- 
veda, the burial of the jar containing' charred bones at 
the root of a tree is the final act of disposal of the 
dead. Tn the Pitrimedhasutra of Hiranyakesin 
attached to the Black Yajurveda, burial in jar is 
provided for one who has not established the sacred 
fire or for a woman, depositing on the earth for one 
who has r>crformc<l the Ifaviryajna (offering of rice 
cakes and Imttcr), re-cremation for one who has 
Iierformcd the Soma sacrifice, and the collection of 
bone relics for the builder of the fire altar, 'riiese 
diverse methods of disposal of the calcined V)ones 
could not all have originated among the Vcdic Aryans 
whose poets composed the hymns of the 7 ?/gx»cd<i, 
and the permanent jar burial was probably a survival 
from the pre-Aryan chalcolithic culture of the Indus 
valley. No burial jar assignable to the Vedic folk 
and the Vcdic age has been discovered. The only 
remains of the class so far known are the relic caskets 
of the Buddhist stupas enshrining calcined bones of 
Gautama Buddha and his chief disciples. The people 
who lie buried in the cemetery at Harappa, Area n\ 
were a body of strangers who failed to make any 
lasting contribution to the cultural history of the 
Indus valley. 

Among other unique finds from the ruins of 
Harappa the most notable are the fragments of two 
stone statuettes. One of these is a small torso 
(height inch) of a nude male figure carved in the 
round in red sandstone (Fig. t). Mr Vats dis- 
covered it in vStiatum ITT of Mound F. The chief 
characteristic of this torso is the strong tendency to 
anatomical accuracy on the part of the artist. The 
statuette partially resembles a specimen of Greek art. 


But the findspot renders the assumption of such Lm 
date untenable. Mr Vats writes, "Let me state , t 
the outset that, although a large area— larger th;t ; 
anywhere else at Harappa — has been explored « , 
this mound, not a single object which is not refernb' 
to the pre-historic period has ever l)een found in ii. 
The findspot alone of this figure would, therefoii-, 
leave little room for doubt as to its pre-historic age ” 
(page 75). He adds in a note, "At Harappa there 
only one little si>ot, and that, too the highest ]):ir^. 
of the highe.st mound AB where Gupta things linvo 
been found. Elsewhere everything l)elongs to tliL 
Indus period." After a careful analysis of the 
evidence of materials, technhiuc, and style, 
John Marshall has drawn the inevitable conchisiMn 
that this torso cannot be a work of the Indo-IIdlc- 
nistic or any other latter-day .school.* 


The other statuette (Fig. 2) is the fragnicnl 
of a dancing figure of dark grey stone (hcicdit 
Xg inch). It was discovered by late Rai Bahadur 
Dayaram Sahni in the IVth stratum (Intermediate T 
level) in another part of Tlie same mound at a spot 
where none but pre-historic remains have come tn 
light. vSir John Marshall thus describes this curious 
figure : 


"Although its contours are soft and effomiimh , 
the figure is that of a male, and it seems likely tli.it 
it was ithyphallic, since the memhrum virile 
made in a separate piece. I infer, too, from thi* 
abnormal thicknc.ss of the neck, that the dancer wa'. 
threc-hcaded or at any rate thrce-faced, and 1 
conjecture that he may represent the youthful Siv:i 
Natesa. On the other hand, it is po.ssible that tliL* 
head was that of an animal. Whatever it may have 
l>cen, no parallel to this statuette is to be found 
among Indian .sculptures of the historic period." 

As noted by the same authority, po.se of this 
figure is that of a dancer and "is full of movement 
and swing". In it the artist aims not so much 
anatomical truth, but expression of the rhythiuic 
movement of a dancer. 


A statuette of this type carries us near the peak 
of artistic development. Are we justified in attribut- 
ing to the Indus people such high degree of progress 
in plastic art? The same height of artistic develop- 
ment is approached from another (non-reah^^tir) 
direction by a statue of steatite found 4 ft. ^ 
Iiclow the surface of the ground at Mohenjo-dmo, 
DK area. The arms and the lower portion of 1 *’^^ 


* Mohenfo-daro and the Indus Civilisation, page 45 - 
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stijinc are missing. The fragment is 7 inches high. 

Pi Mackay thus clescrilies it — 

‘'This is by far the finest piece of statuary that 
been found at Mohenjo-daro. Tt looks like an 
alt'.nipt at portraiture, and represents the head and 
slioiilder of a male figure. The figure is draped in an 
L.l:i1u)rate shawl with corded or rolled overedge, 
over the left shoulder and under the right arm 

The figure wears a short lieard and whiskers 

jiiid a closefy cut moustache. The eyes are long and 
linir closed, but they are set straight and arc not at 
1,11 Mongoloid in type.”* 

A glance at the face of this statue shows that the 
eVLS are half closed and fixed on the tip of the nose 
with a definite purpose, like the eyes of one engaged 
ill performing yof'a, and reveals a mind engaged in 
iiiedilation. The expressiveness of this statue marks 
il ;is a genuine work of art. As pointed out to 
Sir John ^Tarshall by experienced sculptors, an artist 
who could engrave the seal with the very accurate 
ligiiiv of the bull reproduced by him on the cover of 
his volumes would have had little difficulty in carving 
lliv statuette of red sand stone (torso) f To this 
remark I should add, an artist who could give ex- 
pression to the restrained movement of the eye-lids 
:in<l the mental repose of the statue of steatite from 
Moheiijo-daro would have had little difficulty in 
carving the statuette of the dancer of dark grey stone. 

Other notable antkiuities unearthed at Harappa 
arc, seals bearing images of deities in yof[a postures 
(PI. XCTTT). The asana or posture of yo^a is first 
defined in the Svetasvalava Upanishad (2 — 8), 
“TTolding his body steady with the three (upper 
I'.'uis) erect.” One other trait of the posture is added 
ill the liha^avadgifa (6,13) where it is thus described : 
“Holding his lx)dy, neck and head erect, unmoved 
•iiid steady, gazing at the tip of his nose, and not. 
looking around.” So the most essential features of 
the posture of yoga are, holding the spinal column 
creel and partially closing the eyes in such a manner 
to prevent it from looking around. Other 
features of the posture of ycyga vary, distinguishing 
difftreiil postures described in the manuals on the 
siibjort. The commonest posture of sitting for the 
I'eiformance of yoga is the paryankabandha, cross- 
It'k.eed, or Padmasana, lotus posture. This posture 
H'Mitires the yogi, in addition to holding the three 
”l*per parts of the lx)dy erect, and fixing the eyes on 
tip of the nose, sitting cross-legged and placing 

''Mohenjo-daro and the Jndus Civilisation. V 0 I. T, 
Ip J‘^n-397; PI. XCVIH, 1-4. 

I tohenjo-daro and the Indus Civilisation, page 47. 

2 


;i8i 

the hands one upon the other on the lap. The .seated 
images of the Jinas or Tirthankaras of the Jains 
are invariably in this posture. Most of tlie seated 
images of Brahma, Vishnu, Siva and the BmUlha are 
ill this i)ostiirc, but with difFereiit arrangement of 
the arms. On Harappa seal ,'>03 (PI. XCTTI) a figuie 
is seated erect on a stool. The legs do not cross each 
other, but the heels touch each other. The arms are 
stretched and touch the knees. This jioso <if the anus 
is invariably assumed by the Hindus who perform 
meditation nowadays. On this seat there appears to 
be another figure .seated in this identical posture to 
the righl side of the first figure. On eillier .side of 
this pair are two lions or tigers looking backward. A 
few more .seals lK?aring figures of deities seated in this 
postures have been discovered at Mohenjo-daro. The 
best known example is the figure identified by Sir 
John Marshall as the proto-type of vSiva. The feet 
of this figure cross each other (IHg, 3). Dr Mackay 
has repnxluced two other seals bearing figures seated 
in the same ]X)sture with their heels touching each 
other (Figs. 4 and 5). A detailed cNamina- 
tion of these figures cannot he undertaken here. 
Trident on their head shows that they represent 
deities. Some of the Harappa seals (PI. XCTTT, 307, 
.U7, .U‘^) show figures of a deity standing erect with 
arms hanging on sides resembling the standing 
IK)stnre of yoga of images of the Jinas or Tirthan- 
karas known as the kayolsarga, dedication of the 
body. 

Figures of deities in the postures of yoga indicate 
that the postures were otherwise well kuriwii, and 
yoga evidently was practised by the worshippers of 
these* deities, for men make their gods in their own 
image. Yoga is practised for gaining two different 
objects, magical or miraculous powers, and supreme 
knowledge that leads to sidvation after death. Among 
the Tndian religions that adv(X'ate supreme knowledge 
as the path of reaching the supreme knowledge — 
ifiough differing among themselves as regards the 
doctrinal content of that knowledge -the most pro- 
minent are Ujiaiiishadism or Vedanti.sm, Jainism and 
Biiddhi.sm. Do we discern the Ijcginnitigs of these 
religions in the Indus Valley in the Chalcolithic age? 
Impenetrable darkness intervenes between the seals 
of Mohenjo-daro and Harappa on the one hand, and 
the earliest TTpanishads and the Buddhist and Jain 
texts on the other. But till archaeology comes to onr 
re.scue, it may be possible, by discarding the current 
dogmas, to endeavour to lift this darkness partially 
by working backward from the evidence furnished 
by these texts. 
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TN cli()osin.u: “vSciciitific Research and the Future of 
Indian Induslry” as the subject of niy address* I 
have been liuidefl by the life story of Sir J. C. Rose 
himself. The iiri’e which made him devote his whole 
life to scientific research was created in him by his 
y^real desire tr) see India llourish and ])ros|)er like 
any Furopoan country and {)ossibly more because of 
the bounties with which nature has specially 
entlowed her. He ex]»iessed these ideas strongly to 
me when he came to Lahore in igj; as president of 
the Indian Science Congress when I was the local 
secretary. 

He sincerely believed that the present position 
of Furopc and America was based on the fact that 
they have l)ecn the first in the development of the 
new inventions and discoveries l)y whicdi the very 
mode of living of the people has been changed 
completely. These inventions may be roughly classi- 
fied in four categories : 

1. Those for producing cheap and unlimited 
power for drix ing machines and for the transport of 
persons and goods. 

2 . Machines doing the most arduous operations 
of industry, such as would facilitate the making of 
cloth, cutting and shaping parts of metals and wood 
at a much greater rate and often of a much great\ 
size than is po.ssible by haml work or by using the 
early .simple appliances. 

3. The develo])meTit of chemical oi)eratioiis on 
a large scale, such as making of iron and .steel and 
other metals, producing acids, alkalis, salts and other 
chemicals from coal gas and its bye-products. 

* BijiTig llu*. trxt of llu* tliird Sir j. C. Boso 'MeinoriMl 
ItTluro (ItdivcrtMl Ijv Dr Bliatn.ignr oii NoytMiilur 1910 

at the Bose Research histitnU*, Calcutta. The lirst part of 
the lecture recalling Dr Bhatnagar's association with the 
late .Sir J. 0. Bose, has Been published elsewhere in this 
issue. PuMished with the kind permission of the Director 
of the Institute. 


4. Harne.ssing for our u.se naturally occmiin-; 
products such as pclroleiiiii, rcsiiis, salts, coal, wnier, 
fuel, vegetable oil seeds etc. 

It will be a commouplace for me to cnumenile 
here many e.vaini)les of what scieiitillc research lirm 
done to industry in the world. The pn)giess of 
induslry has become so synonymous with .science tlmt 
the modeni age has been rightly called the age of 
science. But as these examples are catalytic in llieir 
action, I venture to give some illustrations from the 
more recent advances in various industries. 1 am 
purposely giving some topical illustrations in order 
to convince the hasty capit.alist who wishes to aj'plv 
science to indu.stry immediately that a certain 
amount of fundamental research is e.sscntial ])efoie 
a discovery or invention can be exploited to its lie‘'l 
advantage. 

Discovery of Tktraktiiyi, Lfad 

I. The Perkin Medal of the Sennety of Chemical 
Indu.stry for 1937 was presented to ThtJinas Midglev 
for his research work which culminated in tlie 
discovtiy of tetraethyl lead and freon. ToiUy 
70% of the world’s petrol contains letraetliyl lead. 
Because of the widespread use of this chemical the 
automotive engineers have been able to increase the 
efficiency of tbeir engines by raising the conipiessicii 
ratios, t In the new cars of 1936 alone, the increased 
honse-power thus added to American civilisatinii was 
greater than fifty times that which will be ohlunied 
from the Boulder Dam and no records in speed 
performance achieved by aeroplanes or motor 
could have been made but for the discoveiy <>t 
tetraethyl lead. The story of the discovery oi this 
new compound is told in the following words : 

t In llii.s connection the article on ‘Octane Numhj * 
Siipcr-fucr in Sciknck and CiaxURK, 6, 209-11, 1940 - 41 , 
be found interesting. 
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Fii the search for a material with which to con- 
tt 1 knocking in an internal combustion engine, the 
fo owing tlelerminations were arrived at by the 
iHliMinian method : 

1. Kletncntal iodine, dissolved in motor fuel in 
vti\ small (luantities, greatly enhanced the antiknock 
cli.iracterivStics of the fuel (the basic discovery). 

2 . Oil-soluble iodine compounds had a similar, 
tli.-iigh modified, effect. 

p Aniline, its hoiiiologucs, and some other 
iiiljogenous compounds were effective, though their 
I fkc liveness varied over a wide range depending 
uitoii the hydrocarbon radicals attached to the 
iiilrogen. 

Bromine, carlxm tetrachloride, nitric acid, 
hydrochloric acid, nitrites and nitro compounds in 
genual increased knocking when added to the fuel 
;nul air mixture. 

5. Selenium oxychloride was extremely effec- 
tive as an antiknock material. 

6. A large number of compounds of other 
ckiiieiits had shown no effect. 

With these facts before him, he profitably 
jliaiuloned the Kdisonian method in favour of a 
I'lir relational procedure based on the periodic table. 
What had seemed at limes a ho])elcss quest, covering 
m:ui\' years and costing a considerable amount of 
money, rapidly turned into a “fox hunt“. Predic- 
tions began fulfilling themselves instead of fizzling, 
niethyl selenide was prepared and worked as 
v.x|iL-cted ; diethyl tclliiride next fulfilled his predic- 
tions and seemingly his wildest dreams of success 
li:ul been realized. 

'I'heii finally following the lead of the Periodic 
Classification other compounds were discovered which 
were effective and the choice finally fell on tetraethyl 
lead which is now a household word with all those 
interested in aviation or motor traffic. 

Discovury of Frkon Gas 

I'lie other example uhicli I wish to pre.scnt 
eoiuxrns the use of the periodic table in connection 
the development of the organic fluorides as 
relrigx rants by Midgley and his collaborators. The 
is best told in his own words: 

the case of lead tetraethyl we were tracing a 
I'idieito unknown property through the periodic table to 
‘li^covt r ill which element it would become maximum. This 
tuuch synthetic chemistry and presented many 
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iliilicultics in properly evMlu.'iting the n-snlls, nil of which 
took years to necoiiiplish. 'I'he case of the relrigcraiit.s 
was distinctly different. We were looking simply for a 
c.ompouiKl, or a group (»f coinjKiunds, in wliielr would be 
combined certain well-known properties. This was acconi- 
plislied ill three days. 

“I \\;is in the luboraloiy one morning and called 
Kettering in Detnnt nlxuit something of minor iiiiporlniice. 
After we ha<l finishiMl this discussion, he said, “Midge, I 
was talking with l.e^Ur Keilholt/. lust iiiglil and wu came 
to the conclusion tleil the refrigeration industry metis new 
nfrigeraiiL if they ever expect to get anywhere. vSo J told 
bester that I wtmhl call you and have you see him to talk 
it over. lie is lea\ijig 30U for Dayton tnnighP*. b. vS. 
Iveillioll/ was chief engineer in his office discussing this 
problem. Wliat was wanted was obvious — a noiiloxio 11011- 
flammuble refrigerant. On leaving Kcilliolt/ I expressed 
myself as very doubtful that we would be able to find a 
single substance suited to the task hut that there might be 
some ht>pc of greatly reducing the existing hazards by 
using niixliires where nontluiiiiiiable but toxic materials 
would be mixed with iiontoxic, llatnmable compounds to 
gi\c a mixture substantially tioiiinllainmable and consider- 
.ibly less toxic iban the refrigerants then commonly 
employ(‘d. 

“In this frame of mind I returned to our laboratory 
wlure 1 found \. h. llennc and Robert Mac.N’arv waiting 
to have lunch with me. We discussed the problem during 
lunch ami I have Heiine’s word that inv scepticism of 
solving the. problem with a single eompoiiml intrigued his 
interest so much that he gave up his fii.e afternoon and 
he, MaeXary and I went to the library and started to work. 

The desired combination of propertii's w is a boiling 
[xjint between 0'^ and stability, iioiitoxicity, ami 

iioiillammabibty. InU rnalional Critical Tables gsive us a 
partial summary of the volatile organic compounds. 'I'lie 
now piuved mistake that carbon letratluoriile boiled at 
15 '^C. struck us in the f.iee and stalled us tliiiiking about 
iluorine. No one could doubt at that lime that it was 
U-.rribly toxic, probably too toxic to use even with iso-butaiie. 
Perhaps wc couki add some eliloriiie compound with bene- 
ficial results, llenne suggesteil chloroffuorides as a class 
to be investigated further. .\ml so the discussion ran. 
Kecogiiiziiig that the Intern.iUomil Critical Table list was 
very incomplete, I decided to bring into play tlie periodic 
taide. Perhaps volatility could be related to it in some 
/ay. It lakes but a fraction of a second to see that this 
is true. In tlie arraiigeiiieiit according to vacant places the 
elements oil the rigid hand side are tlie only ones which 
make com(x>utid sufficiently volatile for the purpose in 
hand. In fact, only a certain number of these need be 
considered. Volatile eoiiipoiinds of boron, silicon, phos- 
phorus, arsenic, aiilimony, bismuth, selenium, tellurium, 
and iodine are all too unstable and toxic to consider. The 
inert gases are too low in boiling point. Now kK)k over the 
remaining elements, livery refrigerant used has been made 
from combinations of these elements. Flaminability 
decreases from left to right. Toxicity (in general) decreases 
from tlie heavy elements at the bottom to the lighter 
elements at the top. 'Ihese two desiderata focus on fluorine. 
It was an exciting deduction. Seemingly no one previously 
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had consitU-ml it po^^ihle that fliU)rine might !)i: iiontoxic 
ill Sfiiiie (if its roiiijK>niiils. 'I'his |xis.';ihilily nail certainly 
hceii clisreganlcd hy tlic refrigcratum eiigiiiucrs. Tf the 
prohlein before iis were solvable by the ii^e nf a single 
compound, tlien that compound wtiuld certainly contain 
fluorine. The heals of formation between the halogens and 
carbon were chec ked. I'hey increase from iodine to fluorine, 
thus imliiating a high ilcgiee of .stability for fluorine-c'arbon 
compounds. Ivverylhing looked right except that old fear 
of hydrolluoiic acid bums. As it turns out, hydrofluorie acid 
burns arc a special case, .‘\ctually gaseous hydrfjfluorie acid 
is less toxic, tlian hy»lrochloric acid, but we didn’t know it 
that afternoon. Xext came methods of preparation. Carbon 
tetralliioride scenicd rather hard to make. And then how 
eouUl diclilorodilluoioiiiclhaiic boil at 20”C. and carbon 
tetralluoride at IS'^C. ? It just didn’t make sense, riott- 
iiig of boiling points, limiting for data, conections, side 
rules, log pajicr, eraser dirt, pencil shavings, and all the 
rest of tile parafihcrnalia that takes the place of tea leaves 
and crystal spheres in the life of the scientific clairvoyant, 
were brought into play. We. decided that carbon telra- 
lliioride boiled at about 1.^6"C. or ilsc it was a very 
special kind of substance. (Not long after tliis, a publica- 
tion on the subject appeared. Carbon tetraflnoride boils 
at -128^ not --15'^C.) I'eeling pretty certain at the lime 
that - IS'-’C. was wrong and that it was a si/ahlc rese.-irch 
problem to take carbon tetrafluoride, we selected dicliloro- 
liioiiolliioronielliaiie as the starling piniit for experimenta- 
tion. 1 called one of the cheiiiical supply houses by 
leliphone ami ordered five 1 -ounce bottles of antimony 
trirtuoride. 1 believe tliis was all there was in the country 
at the time. 

"It normally would remain for me only to mention 
the resulting problems of production and safety code fights, 
to tell the ])rcsent (])leasingly high) percentage of air- 
comlitioiiiiig units which use these organic fluoride refri- 
geranls, and then to mention their use in air<‘onditiouing 
the deep gold mines of the Rand, but there is one more 
incident of primary importance that must be told. 

“'riie five 1-ounce bottles of antimony trifluoride arrived. 
One was taken at random, and a few grams of dicliloro- 
monofluorometliatie were prepared. One guinea pig was 
placed under a bell jar with it and, much to the surprise 
of the physician in charge, didn’t suddenly gasp and die. 
In fact it was not even irritated. Our predictivms were 
fulfilled. We then took another Ixittlc and made a 
more grams and tried it again. This lime the animal «d 
what the physician expected. We repeateil again but this 
time we smelled the material first. The answer was 
pho.sgeiie; a simple caustic wash was all that was needed 
to make it perfectly .safe. Then we examined the two 
remaining bottles of antimony trifluoride. They were not 
pure. In fact, they were both badly coiilaminated with 
a double salt containing water of cry’stallization. This 
makes phosgene in ample quantities as an impurity. Of 
five bottles marked “antimony trifluoride** one had really 
contained good material. We had chosen that one by 

accident for our first trial. Had we chosen any one of the 
other four, the animal would have died as expected by 
everyone else in the world except ourselves. I believe we 
would have given up what would then have seemed “bum 
hunch**. 


“And the moral of this last story is simply this : i 

must lx.' lucky as well as have gfxid a.ssociates and assi.^.tan; ^ 
to succeed in this world of applied chemistry sulliciemi. 
well to receive the I’erkiii Medal**. 


Thk Rkfkigkration Industry 

Not all the honour.s of discovery useful to 
iiuliistry go to chemistry. Physics shares go<id 
many of them and occasionally with a rapidity mid 
beauty which bewilders the chemist. One example 
of physics contributing to the creation of a ikw 
industry is that of the pnxluctioii of cold. Cold is 
really a condition of being without heat. Tf you 
impart heat to anything you may make it wanner, if 
you take heat away, you make it colder. 

As far back as itS6o experts began to ask tliviii- 
selvcs the (luestion as to the possible limit to the 
removal of heat from a body. The answer gheii 
was simple. If w^c were able to get the temperature 
of a l)ody down to -473°C. there would be no iiioje 
heat in it. The temperature ;> 73 ° lower than llu- 
temperature at which ice becomes water is what ue 
call absolute zero. But arc we able to take a\\a\’ 
all the heat from a btxly? In search for an answer 
to this question, the science of heat developed ;iii 
altogether new orientation. The attempts at obtain- 
ing the lovvc.st degree of cold have been interesting 
in two ways, first, because they have resulted in 
many new inventions and secondly, when ilie 
temperature obtained was w'ilhiii ton degrees of 
absolute zero, some very strange phenomena weie 
observetl. One of the inventions which is now 
known to all is the production of solid carliuii 
dioxide. Thilorier, a French man made solid carbon 
dioxide about a hundred years back. To him the 
ice-man of today owes his existence. Carbon 
dioxide is a coninion gas obtained in the burning, of 
coal and charcoal as w’ell as in the fermentation 
process in wine and beer manufacture. It can also 
l)e made by the action of an acid on calcium 
carbonate which is a cheap material available in 
abundance. 

When this gas is put under a pressure of 
approximately thirty one times as great as ilm 
normal air pressure it becomes liquid. When ibe 
pressure is suddenly released a certain amount 
carbon dioxide as gas comes off very quickly, 
temperature is lowered considerably and the lipuid 
gets so cold that most of it goes solid. This s bd 
which is snow-white has normally a temperature of 
-8o°C. The man of science has made use of it -ot 
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nearly a century in producing very low teiiipera- 
liires. Those interested in the commcrcialisjition of 
science in America, and later in Great Britain, saw 
that money might be made by using *dry ice’ which 
was the name given to this i)roduct. It is an 
interesting example of how pnifits are made by a 
discovery. All of us remember the old {kulfi wala) 
iec-man who did a trade in cheap ices carrying in 
lieavy earthen or metal pots. It was hard work 
selling ice and heavy loads had to be carried on the 
shoulders of the ice-vendor. But a thing which is 
more cfTective than ice and is of less weight, namely 
solid carbon dioxide, makes it possible for ices to 
be taken round with much less trouble and makes 
it possible for ‘Magnolia’ or ‘Happy Boy’ companies 
to have a roaring business. 

Alaking liquid carbon dioxide solid was com- 
paratively simple. The second important step on 
the way down to lower temperatures was making 
air Ikiuid. There is no need to give you details of 
the process, but it was done nearly half a century 
ago. Air w’as got in a licpiid form, and while the 
process was being worked out, an invention which 
is very important for our everyday existence w'as 
made. The ‘vacuum flask’ — ‘thermos* as it is 
termed in the trade— was the invention of Sir James 
Dewar. He had need of a vessel in which to put 
the liquid air and hydrogen he was producing, so 
that heat from outside would have no effect on them. 
vSo he put two glas.svesscls one inside the othei, 
joined together at the lip, and took the air out of 
the space between the two. Making vacuum flasks’** 
in this way is now a great industry. And so is the 
making of luiuid air, and from it oxygen, argon 
and neon. Great amounts of all these gases are 
used : oxygen is u.scd for joining and cutting metals, 
and argon and neon for electric lights and signs. 

From this description it can be easily seen by 
you how certain inventions have been of very great * 
use, inventions which were only made in the first 
place for the purpose of getting lower and lower 
temperatures. Now it is only in our day that 
interest in the question of getting low temperatures 
has become so great. Thirty years back hydrogen 
gas was made liquid. Now hydrogen is an intcrcst- 
hig substance, because in its chemical behaviour it 
is (|uite like a metal. So it seemed probable that 
liquid hydrogen would be a metal, like mercury, 

• The reader may rtfer to vSciknck and CuM’itkk, 5, 694-5, 

1939-40 for a detailed account of the development of vacuum 
fiasks. 


and there were a great mimher of attcmi)ts to make 
it liquid. But unhappily, the liquid, when at last 
it was got, was not like a metal at all ; it was a clear 
li(|nid like water. After that, naturally, less interest 
was taken in this (luestion of very low teini)eratnres. 
After all, the boiling point of li(iiiid hydrogen is 
258^0., or only 15 degrees liiglier than a])solute 
/.ert). In that short range of temperature, some of 
the most surprising discoveries ot the present day 
have been made, particularly with respect to the 
proj)orties v)f electric conductance. 


InDIA.N CllKMlCAl. AND PirARMACKUTlCAI, INDUSTRIES 

The examples which I have quoted are not the 
exclusive inonoi)oly of the h'nropean or the American 
countries. Workers in our own country have done 
research work which has found wide applications in 
industry. The name of Sir J. C. Bose himself stands 
liigli in that category. HLs ingenious experiments 
on the* detection of electrical w'aves, which e.xcited 
the attention and admiration of no less a .scientist 
than bold Kelvin, were pioneering experiments and 
led to the development of the “colierer” and other 
devices which have made wireless telegraphy a 
commercial possibility, and although Sir J. C. Bose’s 
name does not figure in the technical iiivStruments 
employed in large-scale practice, there is no doubt 
that he contributed much to the idea which 
culminated in the successful develoi)ment of this 
marvel of our age. If we had an industrially 
de\ eloped India, the researches of Sir J. C. Bose on 
the properties of electrical waves should have been 
commercialised immcdialely and he should have been 
more widely know'll as the Marconi of India and the 
founder of one of the biggest industries in the world. 
Fortunately, there are some who still consider him 
as one of tlie mo.st imiiortant contributors to wireless 
research . 

If Indian researches have not been employed on 
a large scale, it is not because they are of 110 
imi)ortance. This neglect is largely due to the 
bike warm interevSt of our Government in the past 
in these activities, an utter lack of appreciation on 
the part of our industrial magnates as to the 
pos.sibilitics of scieiitilic re.search in relation to 
industry and the sophisticated and loo i>hilosophical 
a view’ which the scientists themselves have taken 
of their discoveries. TCven in these difficult condi- 
tions, there are signs of the potent powers which 
lie hidden in our laud. The inspiring genius of 
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Sir P. C. Ray enabled him to sow the seeds of 
Indian industry whidi liave now ])lossomed forth in 
the shajic of the Rcngal Chemical and Pharmaceutical 
Works Ltd.’, one of our largest chemical factories 
in India. I hoi)e the faint and feeble voice of this 
great savant will mn be iguore<l by the directors of 
this great organisation and side by side with the 
more alluring and enchanting side, namely, the 
preparation of phai maeeutical drugs, they will 
develop with equal vigour the less interesting, and 
from a Inisiness point of view, the iiKjre diflicult, 
but from a long i)oint «if view, the most important 
and perhaps the most fundamental of all industries, 
namely the basic chemical industry. 

No more fitting memorial to the services of 
Sir P. C. Ray can be raised by this country than the 
planning and execution of a i>rogramme of industrial 
expansion on the chemical lines. Portunately the 
scientific researches of Sir P. C. Ray have been 
catalytic and have aroused wides])read interest and 
enthusiasm in India and there are noticeable signs 
that even during, but certainly after, the war, we 
shall hold a inoud position in the industrially and 
clieiiiically developed cotmtries of the world. The 
Tatas whose name counts as a magic word in 
industry have been ideased to direct their attention 
to this snbjeet and the Tata Chemical Works at 
Milhapnr |»romises a new era in our planned indus- 
trial programme under the leadership of Mr Kapilram 
II. Vakil. The efforts of the Alembic Chemical 
Works in Baroda, the activities of the Mysore 
Government, the Kashmir Government, Messrs. 
Shaiiibhu Nath and Sons, Messrs. D. Waldie & Co., 
.Messrs. B. K. Paul & Co., Messrs. Smith vStanistreet 
iv' Co., and the Baluehislati Government are all 
indications of the direction in which the tide is 
turning. The developments which are in the proc'css 
of materialising in the near future will give a fillip 
to scientific research which no other movement has 
yet been able to impart. 


NkHI> ok Cn-01*KKATI0N BKTWKKN IndU.STRIAL FikM.S 
AND UnIVKKSITIKS 

In this task, the universities will have to play 
a great part, because it is in their portals and 
lalx>ratories that the wealth of talent, stores of 
learning and the treasures of imagination lie hidden. 
If industry had developed as fast as the universities, 
the' importance of this contact would have Ix'di more 
easily and more quickly appreciated, but there is no 


doubt that this appreciation is forthcoming and some 
of our universities have prepared themselves or are 
preparing steadfastly to capture fresh fields and 
pasture's new. 

In this connection, I wish to particularly pay 
a tribute to the universities of the Panjab, Calcutta, 
Bombay, Benares and Nagpur which provide facili- 
ties for technical training and industrial research. 
This movement has gathered momentum and 1 
understand Aligarh and other universities are 
thinking along these lines. The Indian Institute of 
Science at Bangalore, under the able guidance of 
my friend. Dr J. C. (Biosh, is establishing itself as 
a premier institute for industrial research and pro- 
mises to become a really living monument to its 
great founder, the late Mr J. N. Tala. The Bombay 
University lias jirovided an excellent laboratory for 
cheniical technology and textile chemistry and 
very valuable work is being done by Dr K. Venkata- 
raman there. The Calcutta University has a very 
strong school of applied chemistry. It is also 
fortunate in having Professor J. N. Miikherjee who 
has done valuable w^ork on physical chemistry whicli 
has been apiireciated by industrial firms. There are 
many others whom I could name, but time does not 
allow me to enlarge the list. Their importance, 
however, is not lessened by the lack of reference on 
this occasion. 

CiiKMic.M. Indu.stry in JaI’AN 

As an indication ol what the more wide-awake 
nations of the world are doing for their industries, 
may l)e- taken the progress which Japan has maile in 
this direction after the ‘China Incident.* I have 
drawn freely from the address delivered recently b\' 
Dr K. (i. kita, chairman of the Society of Chemical 
Industry of Japan as his account should be an eye- 
oi)ener to Britain and to India. 

According to Dr Kita, Japan’s chemical industry 
has made such remarkable progress in recent years 
that new developments have been witnessed in 
almost all branches and some of them may now he 
said to have reached world level, lacing second or 
third largest production in the w'orld. 

It w^as during the last world war that the 
Jai)anese chemical industry attained amazing pro- 
gress but still greater developments have been made 
under the stimulus of the China Incident ; from 
wdiich it may be concluded that a war, miserable as 
it is, does contribute to industrial development. 
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Fuel Industry : Special mention must be made 
of the success in the coal liquefaction test. In the 
summer of last year announcement was made of 
the successful establishment of a coal li(iuefvin.e: 
l)lant at Fushun. Thus, JapaiievSe technical skill has 
accomplished a task that we l)elieved to be the most 
difficult of all in the chemical industries. 

by utilising (^einian technical skill, tests are 
being conducted at several laboratories to produce 
synthetic petroleum oil from water gas. The Omuta 
jilant (under Mitsui management) has nearly suc- 
ceeded ill this and actual operation will be started 
in the near future. This nielliod is not a copy of 
the riernian process but the Japanese research has 
evolved new catalysts smdi as iron. Plant i»roduc- 
lion is now being contemplated. 

As regards li(inid fuel, the importance of aero- 
nautic gasoline is being felt all the more in recent 
years. For this particular fuel a new method is 
being studied and developed because the available 
resources do not allow Japan to resort to the method 
used in America. 

Metal Industry : The magnesium metal indus- 
try has been further developed and apart from the 
use of magnesium chloride from bittern, manu- 
facturing facilities have been e.xteiided and a new 
process to use magnesite has been conii)leted. 

Aluminium : During the pre-Tucideiit days 
alumite and alumina shale of Korea were in use for 
the manufacture of aluminium. Recently, however, 
it has been made jinssiblc to manufacture high-grade 
ahuniniuni from these domestii materials and from 
the imported ore. 

Nickel : While the refining of the imported ore 
is going to be industrialized in the near future, the 
matter of treating low grade domestic ore is 
receiving serious consi<!eration. 

Alloys : Japan has succeeded in producing and 
1 tutting to practical use the super-duralumin with 
minimum tensile strength of 45 kilos per sq. mm. 
Production of the 13% chromium stainless steel 
directly from ore is another achievement in modern 
metallurgy. The refining of iron ore by means of 
iugh frequency has been introduced on the large 
scale. This method makes available the sponge ore 
wliich may be used for the manufacture of high 
■i*eed and other .special steels. 

Synthetic Ammonia Industry : Remarkable 
vlevelopnient has been noted in the industry since 


the outbreak of the Incident and the annual output 
now exceeds two million tons. Additional increase 
is under contemplation. 

Manufacturing arrangements of nitric acid by 
oxidation of ammonia having been conqdeted before 
the outbreak of the Incident, increaseil ammunition 
production has been accomplished. 

In connection with the ammonia industry, 
manufacture of urea has been accompli.shed and the 
production is now believed to be sufficient to meet 
domestic requirements. 

Silicaic Industry : Special mention must be 
made of the manufacture of oi)tical glass. Many 
years of study in the past have enabled Japan to 
protluce every descrijdion <»f this glass sufficiently 
to meet their own demand. In this connection the 
:i-ton crucible for melting purposes devised in Japan 
has been highly spoken of internationally. (Hass 
fibre is now produced on a commercial basis and 
considerable cpiantities are used as separators for 
accumulator. 

Syniliciie Resin : vSynthetic resin industry is 
fast becoming Japan’s second mo.st impr)rtant branch 
of chemical industry. From the standpoint of 
synthetic organic chemistry, attention was directed 
in the past mostly to dye-stuff and the like, but 
recently aliidiatic comiiounds are receiving more 
attention and enthusiastic research. 

Synthetic Rubber : vSynthetic rubber of the 
ihiokol series is already industrialized in various 
parts of the country, while that of the acetylene 
and butadiene series will shortly be iiroduced by a 
new method. 

Artificial Fibre : Production of artificial fibre, 
including rayon and staple fibre, now lanks first or 
second in the world. Their (luality has been suffi- 
ciently developed to be i)Ut to practical use. 

Production of another artificial fibre from soya 
bean has been industriali/ed, whereas research is 
well under way for the manufacture of fibre from 
alginic acid contained in sea-weeils. 

Pulp: For the production of pulp, acerose trees 
were used in the I'ast but recently this industry has 
been further develoi)ed by using broad-leafed trees, 
reed etc. 

Synthetic hlbre : To comidete with the nylon* 
developed in America, a new synthetic fibre has 

* .\ii article on tin's lias heeii piiklislied ill llic Science 
ill Industry section of this issue. 



388 


Science and Culture 


Vol. VI, No. 7 


been developed, for which a technical test will 
shortly be conducted. 

XKW CirKMICAl. iNDUSTklKS TN IMUV 

These ^;larin.<^' act'oiinls of Japan’s industrial 
pro.erainnie shoultl make my countrymen naturally 
anxious to know as to «)nr position as le.iinrds 
industry. nnb)rliinately this war is developini» with 
such great rapidity that it ftlTers little scojio for those 
who wish to start tic novo in the industrial fields. 
The benefits of this war will largely go to those 
industries which arc already in existence and which 
are capable of oxjianding and adjusting themselves 
to the re(|uirements and rai)idly changing conditions 
of this war. The above statement does not imply 
that no new plants have been purchased or set up 
for some of our most urgent reciuireuieiits for the 
prosecution of this war. In India several new idants 
arc in the inocess of being erected and several others 
have already come into e.xistence. For example, we 
have now in the country a plant for the manufacture 
of chlorine and bleaching i)Owder (at Mettur Dam) 
and a plant for the production of nitric acid from 
synthetic ammonia (in Mysore). A big plant for 
the manufacture of benzene and toluene from coal 
is lieing- put up at Tatanngar. Orders have been 
placed ffir a plant for the production of aviation 
lubricants in North India, l^icse ventures are 
sufficiently big and their execution has meant 
Oovcrnmetit encouragement and special facilities for 
shipping. These enterprises arc being entrusted to 
those who have had sufficient experience of handling 
big industry. 

This does not imply that the war offers no scope 
for service for the man with small capital, but it is 
such a gigantic war that the things which count in 
it must be purchased on a large scale, and hence the 
bigger industries capable of larger outvmt arc looked • 
upon with a far greater degree of confidence for real 
service. 

It must also be noted that, comparatively 
speaking, it is more a war of machines than of men 
with the result, that the supply re(|uircmcnts for 
perfecting the mechanisation arc more urgent 
and immediate than the comparatively meagre 
reciuiremetits for ctpiiping an ordinary soldier which 
used to be the most urgent concern of the army in 
l»revious wars and which India was able to supply 
readily. Although no gas has obviously been used 
in the war so far, no wise organisation of defence 


can ignore the possibility ot this weapon being 
employed at any stage. India produces largu 
(luantities of cocoanut and both Ceylon and the 
South Indian Provinces have done well in tlie 
cottage industry which specialises in producing 
c(K'oanut shell charcoal in the unactivated form. 
There is however in my opinion, a tremendous 
scope for India to make a really substantial contri- 
bution to the war effort by organising a planned 
cohesion of labour and industry. In a restricted 
manner even now a great deal of work for the 
supply of goods to the army is done through 
approved contractors who get bits of works accom- 
idishcd here and bits clscwheie. This is merely 
indicative of what can lx? done if these units spread 
all over the country arc knit in a chain of systematic 
orgnnisiition. The greatest scoi)e for India lies in 
her ability to make good by indigenous produclimi 
wliat m)w constitutes a shortage in Indian indnsliv 
owing to restricted imports, and this presents a vast 
field of investigations for the technical man and the 
universities. 

Man uf act u < k ( )F T f xt n .k M \ c u in k r 

If we examine this (luestion a little more deei)lv, 
wc are iminessed with the vast possibilities wliicli 
present themselves to us. Let ns fix our attenlinii 
to the reiiuiremenls of the Indian textile industry. 
This industry has demonstrated the industrial abili- 
ties and acumen of onr Indian businessmen. It i'l 
lot> mucli to expect that as a consciincnce of llic 
success of this industry, India will immediately start 
on an ambitious programme of manufactnn'Tig 
textile machinery. It may come about some diiv 
but it must be remembered that there arc hundreds 
of auxiliarv articles in this industry which must br 
manufactured here. For example, the textile indiis 
try needs a very large number of bobbins and 
sbultles. India which is renowned for her i:i\\ 
materials abounds in forests which produce all sorts 
of timber. Use can citlier be made of the timbers 
which have been pronounced to be of sound qualitv 
for the above purposes ; alternatively, the timbers 
may be given well-known suitable treatments to gi\‘ 
the desired qualities. Work of this type rciinii^^ 
short-range indnslrial research. This research can 
be of a short range character because it is o]>eii t • 
us to either discover or try well-known methods c ’■ 
Indian woods and a proper selection can be mad' 
after experimentation. The textile industry present 
many such interesting inve.stigations ; for exanipl*-, 
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] roclucing of pickers, varnishes for heaUls and the 
manufacture of substitutes for fibre baskets and 
many more things of a similar type. It is possible 
Mr us to develop these and other industries so that 
l!ie already successful textile industry may grow still 
1 1 lore vigorously and may suffer no set-back from 
sliortages experienced now owing to the restrictions 
oil imports. The textile and sugar industries ought 
1,) l)e able to inspire industrial develo]nncnt in this 
t onntry, as the marketing facilities for the auxiliaries 
needed by these ought to present no formidable 
olistacles. 


Board ok vScikntikic and Industrial Rkskarcii 

The Board of vScientific and Industrial Research 
;iiid workers in the field of industrial research are 
alive to this and many investigations have been 
undertaken with a view to introducing the manu- 
facture of auxiliaries in industries which have 
liecome already firmly established, as the most 
ininiediate service which research can render is to 
make the existing organisations e(iual to meet any 
eiiiergciicy. It is fortunate that there exist in India 
such institutions as the textile chemistry department 
in tlie Bombay University, the Cotton 'rechnological 
kahoratory, Matiuiga, and the Imperial Institute of 
Sugar Technology, Cawnpore, and they are helping 
the textile and sugar industries in every possible 
way. 

h'or obvious reasons it is neither possible nor 
desirable to mention the various problems of 
shortages which are engaging our attention. It will 
suffice to say that research work of the Board is 
largely carried out under the following fifteen 
research comm i ttecs : 

1. Vegetable Oil Committee. 

2. Fertilisers Committee. 

3- Drugs Committee. 

4. Plastics Committee. 

5 . vSulphur Committee. 

6. Scientific Instruments Committee. 

7. Oraphite, Carbon & Electrode Committee. 

8. Molasses Committee. 

9 . Olass 8: Refractories Committee. 

10. Vegetable Dyes Committee. 

11. Fuel Research Committee. 

12 . Cellulose Research Committee. 


i.V EvSsential Oil Committee. 

14. Metallurgical Research Committee. 

15. Naturally Occurring Sails Committee. 

The last coimniltee has been set up with a view 
to exploring the possibilities of increasing the pro- 
duction of pure sodium sulphate, aninioiiiimi 
chloride and inagiiesinm chhnide fnjm nalurallv 
occurring sources. 

From this one can judge the large ground which 
our programme of research covers for Indian 
industry. Besides the problems of the Supply 
Department and invesligatioii> fm* several cslablislied 
industries, which pay for their work, the work under 
Oovernmeiil covers iiivesligalions on sewral indus- 
trial wastes such as jute waste, grasses, oilseed 
cakes, molasses, spent tans etc. Invisligatioiis on 
the extraction of useful materials from ])lanl pro- 
ducts, particularly active ]>riiu:iples fn)m indigenous 
drugs, are being actively pursued and it is hojied 
that several drug shortages will be met as a rCvSnlt 
of the investigations whicli are being financed by 
(lovernmenl at several places in the country. 

The successful solutions of some of these prob- 
lems will lead to the development of new industries. 
At the last meeting of the Board, it was decided to 
make known to the indnstrialisls and would-be 
investors that the process for making casein plastics 
developed by the department of industrial chemistry 
at Hyderabad, Deccan, was open for exploitation. 
The Board is asking the Industrial Chemist at 
Hyderahail to collaborate in its development on a 
large scale. It is for tho.se interested in financing 
new ventures to take advantage of the information 
which Government arc able to place at their disposal 
on request. 

The present war lias once again brought into 
the forefront the (luestion of the introduction of 
•basic chemical industry in this country and it is 
fortunate that the Talas, who have done so much 
to the steel, vegetable oil and cheap-power produc- 
tion industries in India, have taken iq) seriously the 
cpiestion of manufacturing important chemicals. 
Fven during the war, they are doing all they can 
to expedite production. The intrtKluction of basic 
chemical industries is a question of policy rather 
than research and the ncces.sary capitalists should 
come forward to help the country. Now- that the 
Tatas have taken up the manufacture of steel of all 
kinds, it should be possible to develop the industry 
for the manufacture of surgical instruments. The 
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probk-in ut Milplnir and siilplinr roinpouiuls lias 
j.-iii’ai^cd llic alUiiticni of tlie I{t>ard and llic bdlowini; 
lilies of allnek arc bciii.i; i)nrsucd. 

t. Allcinpl^i arc bcin.c made lo c\l>lorc the 
jK)ssil)ililics of mining sidpliiir. Its occiirrcnoc lias 
been reported in Haliii'lii^lan and Sind and tlie 
(fcolo.eical .Snr\ey under I)i I'o\ have sent parlies 
to inxesli.eale the possibilities of oblainiiiju; sulplinr 
in this wav. 

'rile 'I'atas were ai»piised of the lacl that 
sulidiiir recovery during the manufacture of benzol 
and toluene by their plant shortly to be installed 
will be of national importance. 

^ I'hnjniries Iiaxe been addressed regardine 
the patent position etc., for utilising the sulphur 
dioxide si.‘t free during certain metallurgical opera- 
tions particularly during the manufacture of copper 
from (‘ojiper ^writes. 

Xexv jirocesses for utilisation of iron pyrites 
and cither sulphur bearing niineials are being 
inve.stigated. 

,S. Sul])hur compounds available from coals and 
oils are being examined for their utility in trade. 

There is no doubt that the activities of the 
Ihiraree Ccjke Works and those of 'riirner Morrison 
iv Co. xvhich inanufacture benzene, toluene and 
phenol and the proposed installation of a big plant 
for the recoxery of the above pn;dncts in Tatanagar 
xvill eveiitnally lead to the production of innuiner- 
idile organic com])ounds and drugs and may eventually 
turn out to be the forerunner of a synthetic dyestufT 
and ilrugs ind.ustry. Just as round al.xint the Tala 
Iron and Steel Works at Jamshedpur various sub- 
.sidiary industries haw come into being as its 
oflspriiigs, so xxill new and poxverful subsidiary 
industries grow round Hliadravati in Mysore and 
coaHield areas in Bihar and the Khexvra salt depositj^ 
in the Punjab. The Indian investor should parti- 
cularly investigate tlie possibilities of developing 
uses for the raxv materials whose exports were so 
large from this country that their disposal noxv con- 
stitutes a serious ]iroblcm. In this category may be 
mentioned the vegetable oil-seeds, bones and skins 
and leather xvastes. Tt is im])crative that India 
should develop those industries in xvhich oils and 
oilseeds .can be consumed. 'I'he utilisation of bones 
and leather wastes should also result in the develop- 
ment of several subsidiary industries. With the 
passing of the Scandinavian countries into German 


hands the production of newsprint and i)aper pnli. 
ill India has acipiired an altogether different aspexi 
and the possibilities in these lines arc being explored 

It is interesting to note that scientific rcsear* 1. 
has already brought some laurels for the investig:! 
tions. It is in the fitness of tilings that 1 shoiihi 
refer here to tlie development of neutral gla^s 
industry in this country particularly as it is largelx 
the oiilconie of the investigations of one of the cinsi. 
associates of the Bose Institute, namely Profess(»i 
N. C. Nag and his collaliorators. This is no iiienn 
achievement and I offer my congratulations to Hit 
Institute and the Professor for this notable contri- 
bution. 

Dr S. Krishna of the Forest Research Instiliiii 
has discovered a minor forest ju-oduct which will 
yield large iiuanlilies of pectin at extraordinary low 
prices and this research is ready to go for kirgi. 
scale development immediately. 

The hnninons paints of non-radio actix’e origin 
from Indian ores and minerals developed in inx 
IalM>ratories have reached the production stage and 
the premier paint firm in India, namely Messrs 
Shalimar Paint Colour and X'arnish Co., Ltd., liaxv 
agreed to put them in the market subject to 
ap]>roval by Goveiument. 

A xvood treating process for xvhich patents haw 
been lodged utilising the iiiiprcgnatifiii of naturallv 
occurring re.sins and imparting to xvoods (lualitits 
of hardness, toughness and resilience has reached 
the pilot jilant stage and it has been favoiirahlv 
reported n]if>n. It can imiiart to cheap xvoml^ 
qualities oTie looks for in goiKl (piality xvooils. 

Attempts are being succes.sfully made to obtain 
from chh'rinatcd rubber and other i>rodncls, Iraii^- 
jmrent films of great stability which Ifid fare to rank 
as suitable competitors of the cellulose acetate films. 

Dr Siddupii has developed a technique for tlie 
manufacture of varnishes and paints from the 
Bhilawan nuts and the trade has expressed gwal 
satisfaction with the results obtained. The films <»1 
varnish which arc obtained from this material arc 
more flexible and resistant to shock than any sm l’- 
product in the market. 

By a suitable treatment of paper with certain 
resins, it has been possible to impart to it tlic 
property of insulating fibre boards both as regards 
strength and flexibility and there are many omiuira 
from trade regarding its large scale manufacture. 
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Plastics 

One of llie most fascinating fields of research 
,11 ilie industrial line is in the domain nf plastics. 
As some of the most important plastics may l.e 
lUL-iUioncd the following : hakelite, casein, sliellac, 
.jlvptol resin, vinyl, resin, cellulose acetate and 
Alliilose nitrate, bitumen and rubber. 

Some of these resins arc availaldc to us as 
iKitural products in India. Portunately research has 
l.iuught out the possibility of developing many other 
plastic materials in India. Of these, special mention 
may be made of resins from vegetable oils, bagasse 
1111(1 mola.sses, coffee beans, soya beans and a host 
ot other cheap seeds available in abumlancc Re- 
se.'irch is being financed to produce urea, malaniine 
and formaldehyde without which the shellac resins 
eaunot compete with bakelite. These industries 
pieseiit attractive ]>ossibilities for a financier who 
mav wish to make a name for himself and render 
real service to the country. My friend, Dr II. K. 
Sen at the Lac Research Institute at Ranchi will feel 
immensely relieved if his task is made easier by the 
Indian industrialists themselves. 'J'liere is no article 
Ilf construction or art which cannot be made from 
plastics. The iliscovery of nylon in America, a 
resin made from naturally occurring mineral pro-, 
ihuts has enhanced the reputation of plastics as 
snhstitutes for metals because nylon fibre with all 
its elasticity and softness of silk has tlie tensile 
strength of steel. The jirohlein of moulded aero- 
plaiies in plastic materials is hiing aggressively 
iitlacked by four aircraft companies in the United 
Slates. One of these research groups is worhing at 
tile Mellon Institute under a fellowship established 
hv ('den N. Martin iS: Co. 'I'he other grou]) is 
working under the plastics section of the National 
Ihirean of vStaiidards and the Army .\ir Coqis and 


the Navy Ihireau of Aeronautics an- showing gnat 
interest in the large-scale production of moulded 
aeroidaiies f«)r defence purposes. Plastic plywood 
construction as.siires long life for ainiaft which will 
maintain its stable dimensions and weather resis- 
tance without appreciable depreciation in var>’ing 
climates. Smooth contours (jf compound curvatures 
and splendid aero dynamii- features are attributed to 
the moulded areoplaiies so far ])ri)(hice(l for private 
use. Imliii with her vast natural resources aii<l varied 
sources ft>v the production of idastic materials is an 
ideal country for this development. 

I'nrther progre.ss has been made iigarding the 
use <jf vegetable oils for lubiiealion i»urposes. The 
use of vegetable oils as dieSel fuels is being 
thoroughly examined on a large scale from the 
economic standpoint, iiarticularly , as the export of 
vegetable oils during the war is practically at a 
standstill. 

Let us nc>t forget that scieiitilic and industrial 
lesearch in this country has its handicaps. W’e are 
overburdened with all soils of other duties. Our 
trade and our laws are occasionally not cpiilc helpful, 
nor can it lie said that political consiilerations do 
not come in the way of some of the investigators. 

We must however have tlie iialieiuv, faith and 
courage of the noble founder of this Iiislilule. I 
have every reason to liojie llial with tlie goinlwill 
tW' the universities and tlie trade we shall be able to 
do our duty to ( ur country. The vSir J. C. Ikise 
Institute will no doubt play its part in the pro- 
gramme. The Institute is fortunate in haxing as its 
director one who is a well-known ilguie in inter- 
national science and whose solicitude tor the 
industrial jirosiieiily ()f our land is as great as that 
of v^ir J. C. Pose himself. 



Biological Synthesis of Amino Acids' 

N. B. Das 

Department of Biochemistry and Nutrition, 
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rc*seaiclu*s of Nciihaucr (t()Io), Kn( 3 oi> (1910) 
and Krd)S (1033) arc chiefly responsible for 
oiir present kno\vle<l.s>e of deaniinatioii of a-aniino 
acids ill animal tissues. The deamination is oxidative 
whereby iniino acid is formed as an intermediary 
])rodnct, aininoiiia aii<l keto acid being the end 
]>rodiicts : - 

R R R 

I -i-O, I H,0 I 

Il-C NITa — > C-NH -•> C== 0 iNH 3 

I I I 

coon COOH COOH 

From feeding exi)eriincnts Kno< 3 p (iqii) vSUg- 
gested that amino acids are formed from keto 
acids. Ihnbden (igio) and Dakin (1914) conftnned 
it by perfusion experiments with liver. More recently 
Xeber (1935) f«»nnd that amino acids are built from 
XII;, and keto acid in liver slices. 

Kiioop discussed two hypotheses for the mecha- 
nism of syiitliesis of amino acids in animal tissues, 
'rile iirsl was reduction of iinino acid. This hypo- 
thesis of Knoop and Oestcrliii (1925) was from a 
l)nie model chemical experiment, where amino acid 
was built (noneiizyinatically) by the reduction of 
imino acid {i.o., a mixture of ammonia and keto acij) 
by means of catalytic hydrogenation or by reduction 
with the help of cy.stein or ferrous sulphate (1927). 


R 

R 

R 

1 

1 2H 

1 

NH3 + C = 0 -H 

^ C-=NH 

CIINII. 

1 

COOH 

1 

COOH 

1 

COOH 


The other hypothesis of Knoop (1925) is the 
formation of acetvl derivative of amino acids from any 

• A-cl^ted from a lecture delivered at the lliuchetiiical 
Society, Calcutta. 


keto acid, NH3 and pyruvic acid. lie gave tlu- 
following scheme for the reaction: — 

R R CH 3 R HO Cl I, 

I I I I \| ■ 

0 = 0 C = NH +CO — > C = N-C 

coon coon coon c()oh iio’co 

R CH 3 

I I 

— > nc — NH.CO + CO,, 
coon 

This acetylamiiio acid is then hydrolysed to 
amino acid. This hypothesis of ‘'acetylaminatioii” 
has later been confirmed by Du Vigiieaud and Irish 
(193S). Krebs (1936) is also of opinion that pyruvic 
acid acts as hydrogen donator to iniino acid whereijs 
other amino acids fail to do this. 

Xow in order to understand the niechani.sm nf 
synthesis we must discuss the nicchanism of oxidatiw 
deamination of ainiiio acids in more details. 

The eu/.yiiies responsible for the oxidative dea- 
mination of amino aciils arc richer in kidney, liver 
and intestinal mucosa and weaker in other tissiivs. 
In intact tissues both optical isomers of '^-amiiio acids 
are deaiiiinised while in cell-free extracts only 
unnatural form is attacked. Molecular oxygen only 
acts as acceptor of hydrogen while redox dyestulfs 
even of higher potential are much worse as acceptors 
of hydrogen. 

The ccll-frcc enzyme system attacking the un- 
natural isomers of «-amino acids was reinvestigated 
by the present writer (1936). It was found that tins 
enzyme required for its activity the co-operation 
a thermostable coeiizynie which occurs in aiiiiual 
tissues and yeast. This coenzyme was not identi^-'^ 
with any of the known coenzymes like di-and in- 
phosphopyridine nucleotide, alloxazine nucleotide, 
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aclenosin nucleotide, etc., and was very sensitive to 
ultraviolet light. This cocii/.yiiie not only activated 
the oxidation of d-aitiino acids ('») by molecular 
oxygen, but also activated the anaerobic reduction of 
a redox dyestuff like 2:6 dichloroidieimlindoidieiiol 
ill presence of the purified enzyme system. Attempts 
were also made for* its purification and some of its 
chemical characteristics were also described by the 
present writer (1Q36, 

Alxnit this time this work hail to be discontinued 
owing to other pre-occupation, when Warburg (1938) 
and Straub (1938) in Keiliii’s lalwiratorv took up this 
work. This coenzyme has later lx?eu rei)orle(l by 
Warburg to be flavin-adenine dinucleotide. Since 
the isolation of this dinucleotide much work has been 
done on its role in respiratory systems wliich are 
hc-yond the scoi)e of this article. 

The mechanism of deamination of glutamic acid 
was found to lx* different from that of other a-amino 
acids. This amino acid alone was found by Adler el 
al (1938) to lx dehydrogenated in animal tissues by 
.1 specific enzyme system which required the presence 
of cozymase or diidiosphopyridine nucleotide for its 
activity. 

It was also found by Ktiler cl al (1937) fbat 
l-glntamic acid is dehydrogenated in yeast by a 
specific apodehydrogeiiase'*' and co-dehydrogenase 11 
(triphosphopyridiiie nucleotide) . 

The problem of glutamic acid dehydrogenation 
in animal tissues was taken up for reinvc.stigation. 
We found'that liver apo-dehydrogciiase was active in 
the presence of either co-dehydrogenase I or 11 form- 
ing a -iminoglutaric acid and dihydrocodehydro- 
genase I or IT, the imino acid spontaneously decom- 
posing into tt-ketoglutaric acid and NII3. 


(cn,),cooii 

1 

IIC-NH, + Co 

I 

COOH 


(cn,)jCO{)H 
Apo- 1 

dehydroKfiiasi". C~NH I CoH. 


COOH. 


(CH,),COOH 


C=NH + 


I 

C(X>H 


H,0 


(CHj),COOH 

I 

C =0 I NH,. 

I 

COOH. 


• Holo-dehydrogciia.se ^ Apo-dchyilrogcnase -I- 

Co-deliydrogeiiase 


These reactions were reversible, the equilibrium 
being in favour of the glutamic acid (Adler cl al, 
1937 and Ivulcr el al, 1938). It was then ea.sy to 
synthesise glutamic acid from the cipii valent amount 
of a-ketoglutaric acid, aininonia and dihydrocozytnase 
(CoH^) in presence of the specific apo-dehydrogenase. 
“(Ilutamic acid dehydrogenase” is tints an enzyme 
which synthesises glutamic acid in the organism by 
the reductive fixation of ammonia on to '^-ketoglutaric 
acid. This reaction of “Reductive amination” of 
‘t-keloglntai ic acid could also be successfully linked 
with dehydrogenatiijn of glucose and alcohol. Since 
the reduced codehydrogenase (CoHm) and apo- 
dehydrogeuases are only in dissociated equilibrium, 
the hydrogen remains quite labile. 

\ow the (iiiestion arises if glutamic acid dehy- 
drogeiia.se alone is reversible or d-amiiio acid oxidase 
also is reversible. We (Das and bailer, 1938) tried 
to synthesise alanine from pyruvic acid and ammonia 
with reduced neutral red as donator of hydrogen, in 
presence of utq)nrificd enzyme preparation. We found 
rapid reoxidation of the reduced dye in vacuo only 
when ammonia wa.s added to pyruvic acid, suggesting 
the synthesis of alanine but alanine was not actually 
cstitrialed. 

A very interesting fact has been revealed by the 
researches of Braimstein and Kritzmann (1937) who 
have found that many animal tissues contain a highly 
active and reversible enzyme system by means of 
which the amino grout) of glutamic and aspartic acid 
can lx ilirectly tran.sferred to 'i-kelo acids with the 
formation of correst)onding ''-amino acids ; and «-keto- 
glntaric and oxaloacetic acid result resi)ectively. 


(CII,), COOH 

R 

1 

(CH..).,COOIl 

1 

R 

1 

CIINH, 



1 

CO 

+ 

1 

CHNIT3 

1 

COOH 


1 

coon 

1 

C( )OII 


1 

COOH 


It may Ix meiitioiieil here that siicli a reaction 
was first observed al Prof. vSzent-dyorgyi’s laboratory. 
He observed lliai oxaloacetic acid disappears very 
rapidly in presence of glutamic acid and a tissue 
extract. This unusual rapidity of the reaction drew 
his attention. This reaction was many times used 
by me (1937) to remove oxaloacetic acid from the 
sphere of reaction. By this iiiteresling discovery the 
specific fixation of NH3 on "-keloglntaric acid has 
thrown a new light on biological .synthesis of amino 
acids. 
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Glutamic acid thus fnrincd l>y reductive fixation 
of N'H.i oil '^"keh>Mlutaric acid, transfers its amiiui- 
Kroup to otlier «-ketu acids, foinicd as iiitcrniediary 
jiroducts ill 'manial carbohydrate inetaholism, to form 
corrcsixmdin;^ ^t-amino acids accordiiiii to the above 
reaction of Jhauusleiii and Kril/maiin. 

The system ketoglularii' acid -iF ‘'‘.ululamic acid 
thus acts as a system for i)iudiu.L» NH.-, which is ulti- 
mately used ill the synthesis of other amino acids 
over the follow iiij^ reaction; 

! ket»).elutaric t t-ketoacids 

c'K'id 

\H;, > I'lutamic acid — >'Mimino aci<ls. 

i CoILj 

This mechanism has been found to occur in 
animal as well as in vegetable tissues. Our ineseiit 
investigations have revealed that glutamic acid is 
much more active than aspartic acid in doiialiiig their 
amino groups to pyruvic acid both in animal and 
vegetalile tissues under our experimental conditions. 
Investigations are in progress to stmly the mechanism 
of this reat’tion. 
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PRESSURE OF SAP-ClRCULATlON IN PLANTS 

Till* circulatory mechanism for sap in plant remains still unexplained. Neither the capillary theory 
nor the suction by the process of evaporation at the leaf can exid iiii the rise of sap as high up as 350 ft. 
in tall trees. It appears that there is some pumping mechanism in the living plant which circulates the 
water and sap to an> part of its branches. Dr IMiilip White of the department of animal and plant 
pathology at the Rockefeller Institute has recently made an interesting lueasureineiit of the pressure 
exerted by the roots of plant in circulating saps up. 'romato roots no bigger than a piece of store twine 
have a pumping mechanism capable of developing a pressure «>f ()o lbs. per sip inch. This and many 
other roots can survive and grow’ normally in a ve.ssel of water containing dissolved plant food. The 
root was partially inserted in a narrow bent upward lube (capillary niaiiomeler) and anchored firmly in 
place with a rubber collar, the other end of the root being ininiersed in the nutrient lufiiid. The root 
then secreted water into the tube, rec<»rding a change of pressure. By this nietlKKl Dr White measured a 
pressure of 00 lbs. per sg. inch, 'riiis however, represents the limit reached by the experiment rathei 
than the limit of root cainicity. When po lbs. were attained, the ro<.)t was still pumi>ing and Dr White 
is of o]>inion that the pressure cannot be less than T5f> lbs. and is prolxibly more. 

This is an interesting and important fact of olxservation, but it does not explain Tiow* the piinij)in.e 
is actually in process. 



Bose Research Institute 


Dr D. M. Hosic presented tlie director’s report 
nf the Bose Research Institute before the .i.U‘d 
Anniversary Meeting held on Xoveniber, .v' last. 
Investigations are undertaken in the following depart- 
ments : plant physiology and genetics, bio- and 
.igricultural chemistry, |)hysics and bio-]»hysics, 
/oology and anthro])ology. 

riani riivsiolofiy and (iinriits: hA’ideiice has 
been collected which go tr) show that the pulsatory 
activity of the leaves of Prsniodiu m gvrans- which 
was the subject of a classical investigation bv Sir J. 
C. Hose is due to plK»tosynthesis of carbohydrates bv 
the motile leaf. The i)ulsatory activity in the dark 
depends on the amount of sunshine received by the 
leaf during the day. In the dark the activity can 
he prolonged be\a»nd this period by adding glucose 
to the water in which the leaflet stem dips. 

The studv of the effect of auxins on root forma- 
tion in plants is being pursued successfully. The 
carbohydrate metabolism and liistology of the 
formation of roots in Inipatictis (Dopati) has been 
studied. Kxperimeiits with parihenogenetic fruit 
selling has been successftd with pumpkin, by treat- 
ment with o' I per cent, concenli alioii of naphthalene 
acetic acid. RchUs W’eie formed in the marcottee f)f 
voung mango plants within a fortnight of the treat- 
ment with auxin and plants were raised successfully 
from S(.) ])er cent, of them. This gives a much better 
method of plant propagation than by inarching. 

Investigations on the variations of the carlxj- 
liydrate and nitrogenous substances in jute plant 
with growth and the effect of artificial manures on 
the growth of the plant are being continued. These 
investigations will throw fresh light on the contro- 
versial subject of the idieiionieiion of translocation in 
higher plants. 

Investigations have al.so been carried out on the 
horon requirement of jute plants. It has been found 
that a definite optinnnn concentration of the trace 
element horon, between () oi ppm. to o i ppm., is 
necessary for the grow'th of jute plants in sand 
' nltiirc. Further the ‘dieback* effect observed under 
‘ertain condition in jute plant is not due to a 
deficiency of boron in the .soil. Cytological studies 
'*f microsporog-enesis in jute, sunn hemp and flax have 
hcen undertaken. 


I'lxleiisive investigations were cairied out 
the last two years t«) vernalise (accelerate the 
flowering date of) some of the Indian economic citjps 
such as wheal, barley, exit, ]>ea, cicer, mustard and 
some varieties of aus and aniau paddv. It has beer, 
found that the Russian inetlnul of pre-sowaiig cold 
treatment which is successful in case of temperate 
climate crops does not give positive results in case 
«>f majority of the Indian crops so far investigated 
and w'h.ich therefore reipiiiv different methods of 
treatment. Sc)me i)ositive results have already been 
obtained in case of wheal where the meth«Kls of 
trealiiient deveh)ped at the Institute have increased 
the earliness of flowering by 15 daNS as compared 
with the non-treated ones. 

Ilio- and Aji^iiinlliiial ( luinishv: 'I'he meta- 
bolic drifts of mangoes and gmuas, as illustrated 
by the lespfmse of the various chemical substrates 
under tlifferenl environmental conditions such as the 
fruit on the tree, in different storage conditions and 
under artificial rii)ening process in an atmosphere of 
ethylene, have been investigated. 

The catalase and oxidase activity in mango 
throughout its lifecycle on the tree from fruit- 
setting to labelling ha> been thoroughly investigated. 
The iiitercorrelatioii between rate of resi)iralion and 
oxida.se and catalase activity was investigated and a 
positive correlation was ffiund to occur during ripen- 
ing of the fruit and also in fruits subjected to various 
chemical respiratory stimulants and depressants. 

The presence of sorbitol has been definitely 
e.stablished in the mango. From the Indian plant 
I .cKcusaslHia (I)rona) a crystalline organic prineijile 
•in a state of chemical purity has been isolated. 

Recently Hhagvat ami Hill have shown the 
occurrence of cytochrome oxidase in higher tdants. 
Present investigation at this Institute have shown 
that the in'esence of the two en/.ymes, .Succino- 
dehydrogena.se and iMimarase, together with the facts 
that cytochrome and its oxydase are also present in 
vegetable cells suggest that “Cytochrome system” 
or ”\Varburg-Keilin-Szent-Oydrgyi system” also 
takes part in vegetable res])iration. 

Investigations have also been undertaken to 
stmly the mechanism of .synthesis of starch and the 
de-amination of a-amino acids in vegetable tissues. 
Attempts have been made recently here to study 
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whether the second reaction of indirect pliosphory- 
lation exist in vcKetaldc tissues. In a few cases 
only evidences liave been found to show that 
niechanisnr of indirect phosidiorvlation also exist in 
vegetable tissues. 

Invcstij.»ati<)ns on filarial tissue mentioned in last 
year’s report haxe l>een continued in collaboration 
with Dr vS. *Sirkar of Calcutta Medical School. 
Further analysis are bein^ made to study the 
protein, carbohydrate and fat content of lx)th filarial 
as well as normal tissues. ’I'lie progress of this work 
has been very slow as sufficient tissues are not avail- 
able. 

l^liysics : A series of investij;ations with 

pliotr).Ljraphic plates kept at I)arjeelin.q ft.) 

and at Sandakpliu (1^,000 ft.) on the origin and 
nature of tlie particles which produce heavy ionisa- 
tion tracks on these plates have led to the conclusion 
that the inimary rays are chiefly neutrons. A mass 
of evidence has accumulated which .show that the 
secondary particles observed in the photographic 
emulsions are mesotrons which are created as showers 
chiefly by the action of the fast primary neutrons. 

Investigations are .being further continued by 
sending plates to Thari Jong (elevation 1.1,500 ft.) in 
Tibet to <letect doubly charged protons, produced 
by the jiassage of the high energy cosmic ray protons 
through hydrogenous tnatter ((‘..g., :!o cm. of water), 
whose occurrence * is i^redicted according to recent 
theories of Bhabha and TIeitler. 

The low-energy neutrons present in the atmos- 
phere .'it ilifTercnt altitudes up to Darjeeling has been 
studied with the aid of ionisation and proi)ortional 
counters filled with boron trifluoride. 

A theoretical investigation on the reality of the 
second inaximuiii in Rossi’s curve has shown that 
depending upon the geometrical arrangement of the 
counters the second maximum either becomes promi- 
nent or disap] lears from the Rossi curve. 

Study of radioactive atoms priKluced by the 
bombardment by a-|)articlcs or by .slow neutrons is 
l>cing continued. vSevcral nidioactive organo-broimf 
compounds have been prepared, and the strength of 
different tyi>es of bindings in such com])(mnds has 
been investigated by the use of radioactive bromine 
:is trace element. A low-voltage discharge tube 
neutron generator is under construelion which is ex- 
pected to give a neutron production e(iui valent to 
that produced by one gram of radium. 

The i)ossibility of neutron formation in course 
of stellar evolution as di.scusstnl in recent theories 
of Zw'icky and Baade has l)cen followed up and the 
l>hysical conditions under which they can be formed 


have been studied. An attempt has Ixien made to 
reformulate the theory of Vogt and Russel on the 
course of stellar evolution in light of Bethe’s theor\ 
of energy production in stars. 

A formula for the derivation of the polytropic 
index (n) has been given by assuming a general law 
for the dependence of opacity • co-efficient and Hk. 
rate of energy generation in stars on temperatun 
and density. 

In view of the doubts thrown on the 
reality of dispersion in water of ultrasonic \va\\> 
found by one of our workers, the investigation has 
again been reiieated with a new set of apparatus ; 
the results obtained arc in agreement with tlujsc 
obtained i>revion.sly. Variations of velocity of the 
ultrasonic waves in different sets of liipiid mixtures 
have been .studied leading to the di.scovery of certain 
luaxiiiia and minima velocities in them. 

liio-pliysics ; The recording of electrical rhythm 
of the brains of utian[Lstlieti 7 .ed human lx*ings 
through the unoi)ened skull under different experi- 
mental conditions is being continued. As part of 
tile ex])ansiou work lately undertaken with the 
electroencephalograpliic machinery, the only mie of 
its kind in this country, brain rhvtlim is iieiiig ic- 
corded from Calcutta Deaf and Dumb School 
students. 

/ooloyiy : Different varieties of fishes arc bcimi 
reared in experimental tanks and their habits ami 
outer sex characters studied. In certain species it 
has been possible to identify the female and to ex 
triide mature eggs from them by suitable maniiaila- 
tion. 

Inve.stigatioiis or the cause of sex diffcreiitia- 
lioii and caste di.stinction in the variety of red ant;. 
iFxophylla Smara^dina Fab. has been continued. 
Artificial formicaries have been built to study their 
behaviour under controlled enviroiimcutal condi- 
tions. The iiarthcnogeiietic production of males 
from nnfertili.scd eggs of the queens has been estal) 
lislied. It has Ixen found that in colonies containing 
only w'c;rker.s, which possess well-developed ovaries 
filled w'ith eggs, larvte of fiiicens appear with the 
advent of summer, the cause of which has he*." 
supiiosed to lie tro])()genic (due to influence <'t 
environment.). 

Anthropology : Blood group investigations haw 
been carried out amongst the Oraons. With the 
assistance of the authorities of the Calcutta Medic:d 
School blood group investigations of the Vaidyas of 
Bengal and of the twins born in the hospital are 
being carried. Twin pedigrees and also pedigrees o\ 
various hereditary anomalies are being collected. 
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Temperature Distribution in the Lower 
Stratosphere 

Obskrvations of tcinpcralnt LS at licii’lits betwcLii 
I ' and 2 S IviloiiK-ties over different staliijiis in India 
li.ive l)een recently discussed in a paper l)y Mr M. \V. 
Cliiplonknr, in wliidi lie deals with tlie increase of 
iLiiii'cratiire with heij^hl over tropical India. The 
India Meteorolo.uical Dei)artnienl has been successful 
ill olilaininL* temperature data at i;reat hei.^hls. The 
ivsiills of twenty-six ascents, ten at Poona (Lai. iS®) 
and sixteen at A.^ra (Lai. :>7®) have been recorded. 
Most of these ascents were made durint; A]>ril- 
\(j\'enil>er and at a time when the sun was possibly 
l>eln\v the horizon and when the lialloon n)se into the 
^lratosphere, s<.) that the teiniierature data obtained 
wue unaffected by solar radiation. No otlier country 
( Mil show a comi»arable amount of data free from this 
likely source of error. Over Poona, the rise of tem- 
puMture is lar^e.st around 21 iNilometres where it is 
alioul 4® to .S^C per kilometre. The al>ove api>ears 
to be a I'ennaiieiit feature of the stratosphere over 
liojiical India. Comparin.i»- the result with that 
obtained from .similar observations over other parts 
of the world, at Munich (.pS°N), an analogous 

lis-.- is detected but it be.nins at a lower level, is much 
"iiialk-r and ob.served only durini; the suninier half of 
the year. 


land Reclamation and Conservation of Forest 
Resources in U. S. A. 

Vm^ious asi)eets of .Xiiierican conservation 
srhriiK‘s were discussed at the eitthlh session of the 
Aiik-rican Scieiitilic Con.^ress meetin.e held this year 
■d W'ashin^lon. 'Phe movement towards conservation 
^'o-’iiii under 'I'heodore Roosevelt nearly half a 
'It Illy with the cslablishnieiit of the niireau of 
J'V' Ianialion and the National Forest Service has 
l ived a great impetus under President Franklin 
^'^‘'■'Sevelt. The Bureau of Keclaination has carried 
Aard its programme of irrigation in the west. One 
^*'''’d of the United vStates — the west is arid or semi- 
•‘•"l and much of this is desert. Streams dry up 
I" iodically in the .siunmcr and without irrigation no 


agriculture is safe. iCven irrigation is unsafe without 
storage reserx'oirs. At tlie present day, twenty million 
acres have been hrought under irrigation in the west, 
through individual entci'iirise, co-operative endeavour 
aiifl vStnle and bVderal aid. Due to increasing size 
and enmplexilv of irrigation works, the task of water 
conservation and land iinprovcineiit has now de- 
volved 111)011 the bVderal r.ovenunent. Hcncficiaries 
howevei pay the cost of the work carried out by the 
Bureau of Reclamation. Tlie results aebieved by the 
Bureau of Reclamation will be judged from the 
following figures. The constructive work of tin? 
Bureau lias resulted in nt'W farms and 25S new 

cities and towns where nearly i ,000, 000 people live. 
Out of 4’’:; million acres which the Bureau considers 
possilile of reclamalioii, twenty million acres arc 
already under irrigation, 2'/ million are in the 
present constnictinii programme leaving another 
20 million for future work. 

The forests of United vStates and Canada were 
cut lieav'ilv to sni)])lv world markets and to meet the 
needs of growing local populations which naturally 
resulted in deeastatioii and deterioration of the re- 
maining fore.sts. The cotiservatinn programme now 
aims at rehahilitation of these forests to restore them 
to their i)otential ( oiitinuons productive capacity. The 
urgent necessity has l>een felt of educating people in 
general and forest-owners in piarticular as to the 
value of forests and the basic principles of a forest 
|)olicy and of imparling tiroadcr knowledge of suitable 
techni<ine for harvesting and pr<)cessing forest pro- 
<fficts, ill order to minimise waste and enable efficient 
operation and making adeejuate provision for research 
on problems relating to better i»rotcction of forests 
from fire, inseels and disease. The co-o])eratioii of 
all American countries has Ix'Cii invited and the 
.starting of a Pan-American Forestry Institute has 
been suggested. 


Success of Educational Radio in U. A. 

A PKKioi) of four years was completed on June 
last year, since the Smithsonian Institution iiiideiiook 
a programme of educational radio broadcasts with the 
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nhjfct of iiUTL-asiiig luid (li^Tnsin.^ knowledge alnon.l^ 
the ordinary people. The title of the iK:)pii1ar scries 
of broadcasts was “The world is yours”. In addition 
to science, tile broadcast dealt with exploration, 
history, eiieineeriii.c, invention and art. Since the 
pro.erainine \>as started in it has exi)anded from 

its ori.^iiial j; slatifjiis to a network of S2 stations 
coverin.e the whole country. From an analytical sur- 
vey of all the pioerammes eiveii on all the stations it 
was learnt tliat the Smithsonian dramati/ations receiv- 
ed the lii.ehest ratine, of all serial pro.eramnies on the 
air. To proni<»le further this increase and difTuskm 
of knowled.Lie, the educational values of these pro- 
^iraninies is ijreserved by the Fducational Radio Script 
Fxclian.j^e, F. .S. Oflice of Ihlucation. Hundreds of 
schfiols and civic .groups are usin^ these scripts for 
iuoduction by radio and over .sound .systems. 


Geomagnetic Research in the Americas 

Dk J. .\. I'lemiii.e' of the department of terrestrial 
ma.ynetism, Carne,£;ie Institution of W.ishiiij^ton gave 
a historical review of the collection of geomagnetic 
data in the western hemisphere in a pai>er rend before 
the ei.v’hth American Scientific Congress. The 
Americas with their vast areas, their great river- 
systems, their mountain ran.ges rising to elevations 
second only to the Himalayas and their surrounding 
Atlantic, Ikicific and vSouthern Oceans offer wide and 
fertile fit'ld for geophysical investigations. Reliable 
data in the western heinis])here began to be obtained 
from about 1700, when the hi.storic oceanic magnetic 
surwy under bMmund Halley took place. The 
magnetic ecjuator crosses Peru and Bra/.il in the 
western hemisphere. One of the agonies --the line 
along which the compass iK)ints true north -passes a 
little to the west of north from 'Montevideo through 
lha/.il, westi*rn Veiie/uala, Cuba and the Tbiited 
v^tates of America. Aluch later in 1802, Alexander 
\'on Ilumboldi located the magnetic e(|uator in the 
Andes near bat. 7®vS. 

nuriiig recent years the novernnieiits of Brazil, 
Argentine and the I'nited States have been ino^t 
active in their magnetic siirveys. After the forma- 
tion of the department of terrestrial magnetism of the 
Carnegie Institution of Washington in 1904 and the 
inaiig lira lion of tlie world magnetic survey of land 
and sea in roos, co-oi>eration has been received from 
all American governments, which has made possible 
to t)pen many new stations to sup] dement the data 
already obtained by the department. Of the 6,000 
such stations oi-cupicd nearly 200 expeditions on 
land during 1004-40 and of upward 4,000 stations at 
sea on the ship (iaiilco' (1905-8) and the ^Carnegie* 
(ioo()-2o) at least one-third are in the western 
heinisidiere. The data obtained permit reliable dis- 


cu.s.sions of the distribution of the earth’s magiiclisi 
and of mysterious variations of its elements from ye;;: 
to year. 

Naturally because of later start, Europe at 11,^ 
present day has a great majority of the permanei.. 
magnetic ol>servatories, hut the Americans also lia\ 
established some fifteen lal)ora:tories vvell-distribuUd 
over the Continent. 

Irrigation Research 

Tuk Annual Reiwt (Technical) of the Central 
Board of Irrigation, India, for 19.^8-59 describes 
investigations carried out at the various irrigation 
research centres in India to study and solve problems 
cniinected with irrigation and river control in India. 

Experiments with models are being carried out 
at the Central Irrigation and Hydrodynamic Uesearcb 
Station, Poona to study the behaviour of rivers and 
evolve methods of training them so as to prevent des- 
triiclive action. In connection with reduction of silt- 
ing the Lh)yd Barrage Canals, a imxlel of ih. 
river Indus and the Lloyd Barrage at Sukkur is beiiia 
studied. Experiments have also been made to dwis.- 
means of protecting the bund on the ri.ght bank of 
the Sarda river alnive the barrage at BanbasM. 
Model exi)erinients on erosion at a shar]) bend ni 
the Watro.sk river near Kaira town have suggest l 1 
suitable river protection and correct sitting of a 
bridge proposed across the river. The Dellii-gai.- 
pumping station on the rigid bank of the Juiiii'a 
is faced with danger bccJinse eighteen years afur 
its construction the river now shows a preference lor 
the left bank. Meastires to induce the river to flow 
along the right bank near the pumping station w<.iv 
.studied on a model. 

Experinieiils with a model of the river (hmjc- 
near the Hardiiige Bridge on the Eastern Bengal Kail- 
way in connection with investigations of moveimnl> 
of the river were continued. Means of preveiitiii-: 
scour round the piers of a proposed railway biid c 
across the Brahmaputra river at Amin.gaoii wvk 
studied on a model. vSevcral submersible bridges m 
the Central Provinces arc damaged during floods, aii l 
model .studies were carried out to investigate n]»li'l 
pressures on the deck .slabs of the brid.ges din iaL’ 
hi.gh floixls. A detailed account of .some of the i’n- 
porlant practical problems dealt with at the sbili* 11 
is expected to he published in a subsequent issue. 

The Punjab Irrigation Research Department iv. 
carrying out inve.stigations for the improvement • 
earth roads with sodium chloride. A cheap sodiu- ! 
carbonate cum mud plaster has been evolved 
mud houses and also for plastering watercourse's i- 
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j,:. vent loss of water hy seepage. Two iiniiortant 
ill , estigatioiis with models of rivers near weirs, of the 
p. iijiiad river downstream of the Paiijiiad weir where 
t(;!isidcrablc bank erosion is taking place, and the 
oilier of the river Cheiiab at Khanki weir where 
tin vagaries of the river are causing diflicullies in 
Ice' ling the canals, wwre also carried out in the 
Punjab. Investigations into the rise of snbs<nl waler- 
l;il)le, and the ai)pearance of salt on the surface have 
cst.iblished that there is no connectitm between water- 
lojji^ing and the appearance of sjdt on the land sur- 
f;ue, as there are cases where salts appeared on the 
Ml I face though the water-table was 40 ft. below the 
n round. Several salt-affected areas have been taken 
ii|» for reclamation investigations, and reclamation has 
licrii successful when carried out in the early stages of 
sill appearance. The Irrigation Research Division of 
the Bombay Irrigation Department is experimenting 
with irrigation using sewage clUuents which has 
1 nought about a decided imiuovement in the texture 
of imirmtir black soils of the Deccan. In the United 
Provinces the main investigations arc concerned with 
losses by seepage from canals and watercourses and 
studies of various tyjies of lining to prevent seepage. 
.Means of restricting and controlling sill entry into 
the smaller canals were also studied. 


Sir J. C. Bose Memorial Lecture 

Dr vS. vS. Bhatnagar delivered the third vSir J. C. 
Bose Memorial Lecture at the Hose Research Insli- 
tule on November 30, last. His subject was 
‘Scientific Research and the Future of Indian In- 
dustry’. The text of his lecture is published else- 
\Nhere in this issue. At the outset he recalled his 
association with the Indian scientists. He said: — 


“I value this opportunity all the more as it pre- 
^ellts to me a iDefitting occasion for recalling my 
asMieialions with the great Indian scientist. I first 
iiiei him in the year 1912 when he was invited by the 
Fan i lib University to deliver a course of lectures on 
Ills researches. I was then a student of the Dyal 
vSiiii.li College, Lahore. Professor Ruchi Ram Sahiii 
was the secretary of the College and on that occasion 
tile IkjsI of the late Sir J. C. Bose. As Professor 
v^aliiii has been interested in me from my very iii- 
faii. V' owing to his great friendship with my father, 
be uggested that I and a few others should help 
^’1 I. C. Bose in his demonstrations at the University 
tla where the University had arranged these lec- 
tni s. J Q gQjjg 2 artist and very 

MU tilious and critical in his selection. He examined 
lestcd all of us who were sent by Professor Ruchi 


Ram Salmi to help him in the deiiioiistralion work 
and finally selected me as tlie only one he iniglil 
need. Unconsciously or may be consciously, for he 
was a great seer, he laid llie foniulatioii of my career 
as a stndeiil of science, for I valued the trust lie 
reposed in me and my young liearl beat with joy at 
this recognition from the then greatest hero of science 
ill our land. After Sir J. C. Bose’s Lahore \isit I 
lust touch with him. 1 was a struggliiig young 
student, while the fame of Sir J. C. Bose had reached 
the zenith of its glory during the years lou-njiS aiul 
1 dreaded coming loo close to liim almost like the 
llindn devotee wlm would adore l»nl not pollute by 
touch bis beloved deity. 

Chance threw ns togelhvr again, for in the year 
1919 soon after the war I proceeded to Fiiglaiid to 
work under the inspiring guidance of Professor 
h. (L Donnan at the University College, London. 
Tlie two years of my stay in F.ngland (1919-21) were 
memorable, for they brought me into conlacl with 
all those who have contributed so ninch to the 
ushering in of the age of science in this country. 
Not only did 1 meet Sir J. C. Bose again, but I came 
in contact with Sir C. \\ Raman, v^ir P. C. Rav, 
Profs. M. N. Saha, J. C. Uhosh, J. X. Mnkherjce. 
K. G. Naik, vS. Dalta, S. Kri.shna, II. P. Chaiidluiri, 
N. R. Dhar and many others all of whom have coii- 
Iribnled much to the cause of science in India. 
During this period my acipiaintaiice with Sir J. C. 
Bo.se deepened into friendship and I came to know 
Lady Bose also who by her exemplary and unsur- 
passed devotion to her husband and by her charm 
of manners, which brought them many friends, con- 
tributed mncli to the success of Sir J. C. Bose’s 
scientific campaign in Europe. It was during this 
trip that Sir J. C. Bose offered me the post of the 
superintendent of this Institute which was later held 
by my esteemed friend and colleague, Profe.ssor Xg C. 
Xag. It was Sir P. C. Ray and Professor Doiiiiaii 
who advised me to stay on in England a little longer, 
otherwise, I might have been a close associate ot 
Sii» J. C. Bo.se in the development of the Bose 
Institute. 

While I missed an excellent op])ortnnity of 
working direct under him, T confess that liis wonder- 
ful technique of experimental maniiinlation, his 
masterly exposition of ideas, his catching t‘iithnsiasm 
and his belief that it is through science only that 
India will rise industrially made an indelible impres- 
sion on my mind. It is, therefore, a matter ol 
sincere joy and pride to me that yon have deemed 
fit to honour me by inviting me to this hi.storical 
lecture theatre where that philosopher scientist, that 
inspirer of the young and intellectual India, stood 
and lectured himself’*. 
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Private Educational Enterprise 

Tm<; National Council of J'Mucation. Bengal, was 
organised by leaders of public tlioiiglil during the 
‘vSwadeslii’ days of 1905. A college and a nunilK-r of 
schools all over the country were established in the 
lirst Hush enthusiasm and a number of i>ersoiis 
l>e<nieathed large sums of money and encouraged the 
organisers to strive after a re-orieiitalioii of the edu- 
cational j>o]icv. tiradiially excitement died away and 
the colle.ge being not alh Bated with the official 
University, students eoidd lind very little einploy- 
iiieiit. The technical section of the college however 
continued to seive a long-felt need and has tleveIoi>ed 
into the [iresent College of Engineering and Techno- 
logy, Bengal, situateil at Jadavpur, a few miles away 
from Calcutta. Tlie College enjoys a very good repn- 
tatioii. The annual report of the Council observes 
that the ile])artineiits of mechanical, electrical and 
chemical engineering need to be supi>licd with addi- 
tional apparatus and appliances, and the agricultural 
classes are in need of developnieiit by opening dairy 
farming and other kindred branches. There are some 
dei>artnieuts of engineering and technology, such as 
mining engineering, communication and automobile 
engineering, sugar and lilm technology which ought 
to be added to the curriculum to meet the deiuauds of 
the time. There has beeu also a growing demaud for 
admission to the college which cannot be fully met 
owing to lack of accouimodatiou in practical and 
theoretical classes. Besides, the existing buildings 
arc in need of repair. The Council in the present 
state of its finances is unable to meet these various 
requirements. The Council has, moreover, been hard 
hit by the economic depression prevailing in the 
country and its iucoine from the endowed properties 
and bequests in the shape of shares and debeuturcs 
has considerably diminished during these years. The 
total expenses last year amounted to more than 
Rs. lakhs. We support the appeal by the Council 
for contributions from the generous public. 

The Deccan Education Society of Poona is 
another institution which deserves mention in this 
connection. They are running successfully a number 
of colleges and high English schools, notable of 
which is the Fergusson College. The Khalsa l{du- 
catioiial Trust is also maintaining a numlier of 
colleges and schools in the Punjab and Bombay 
presidencies. 


Control of Lantana Weed 

PuBMC inierest has been attracted towards 
modern scientific ventures in the biological control 
of noxious weeds . A survey carried out by the 
Forest Research Institute shows that there are 


110 indigenous insects that can be \ised to extenniui.L 
luiitaiia weed in India, although some 400 spec: ^ 
visit this weed. InvevStigations with regard to 
best control were started as early as* 1916 but .,n 
.suitable insect enemy nmld be reared in India ai^i 
the vloverimieiit was against importing insects fi. .1, 
outside. In 1921 the lantana seed-fly {Ophioni,,,i 
la ni antic Fg.) was brought to Mysore from Hau.Hi 
but excepting a few flies the breeding atlenipi 
was unsuceessful. The flies were not tak».ii 
care of but in 193:1 it was revealed that the 
flies are present all over India and could be reared 
out of ripe lantana berries. The presence of these \\a> 
not detected during the survey and the incidence nl 
these, howevxr small, all over the country is an iniii- 
guing matter. A lantana bug which is capable <>l 
destroying lantana flowers and shoot.s in a spectaciilai 
manner has recently liceii established in Australia 
from Fiji and Hawaii. This Img could do nseliii 
work ill India, but its introduction .should be care- 
fully .supervised and conducted in a methodieal 
scientific manner. Beeson and Chatter jee (In Jinn 
Forest Records, Vol. 6, No. 3, i9/H>) have re-opeiiid 
the question whether an all-India policy to coiiliol 
this pest is not due now. They suggest a revSiii\v.\ 
of insect fauna of lantana in its original home in 
Mexico. 


Underground Water Supply for Calcutta 

Cai.cutta^s population of r,:>5o,ooo is at j)re^eiit 
using .some 70,000,000 gallons of filtered water daih , 
this being the amount pumped from the llooglily at 
I’alta, some 16 miles north of Fort William, wliicli 
gives an average of 56 gallons per head daily. Hut 
the Hooghly is gradually silting up and there is 
gradual deterioration and pollution of the rivci 
water above the intake. In view of this, CalciilHi 
Corporation recently sought expert opinion about tin 
nature of the underground strata below the Gangelii' 
delta ill order to instal a series of deep tube-wells \o 
replace the present arrangement. To supply tlic 
present quantity, arrangements will have to be imulc 
for ]mniping just under 3,000,000 gallons per hour for 
24 hours daily. At Ahmedabad, wdiere this is the 
quantity of water pumped hourly from tube-uells, 
the supply conics from three groiqis of aquifers be- 
tween no and iSo feet, 280 and 340 feet, and 
and 460 feet respectively. But the problem 
Calcutta is different. Dr A. E. Coulson of the Ueo- 
logical Survey of India has made a prelim 
investigation into this problem of underground v. ; ter 
supply for Calcutta and the recently published (■ b- 
I. memoir 'The (reology and Underground U 'b/ 
Supply of Calcutta, Bengal', contains the result- of 
his studies. 
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The siiI)-soil water level in Calcutta, as in most 
parts of the Oangetic delta, is high, being usually 12 
to 18 feet below ground level. The average height 
of Calcutta above sea-level is under 20 feel and so 
the ground- water level is usually :! to /\ feet aliove 
mean sea-level, according to the season. Potable 
water has been obtained in some pails of Calcutta 
and Howrah at depths of less than .200 feel, but it 
is generally necessary to sink more to obtain goo<l 
drinking water. There seems to be a general deliiiite 
decrease in chlorine content as one proceeds away 
from river Hooghly. Ihit the rate of ilecrease is less 
on the Calcutta side of the Hooghly than 011 the 
oj)])osile side, where the fall in salinity is very 
marked within a short distance. This seems to lie 
due to the sub-soil flow of water from the Damodar 
river. 

The strata under Calenlla however cannot lie 
regarded as a single unit from the iM)int of view of 
water rejdenishnient. Should the gronml-water 
level, by reason of dryness of the sc'asoii or removal 
of water by other causes, fall below mean sea-level, 
then the local rain water will .subse(iuently replenish 
the upi)er sul.)-soil water and bring it again to its 
natural position a few feet above mean sea-level. 
Hut it will not have any considerable effect, if any, 
on the deeper underground water. The deeper sub- 
soil water must, in view of its generally slow but 
definite southerly flow, has an origin distinct from 
the local rainfall. The deep aijuifers under Calcutta, 
at depths greater than i,rx)o feet, where they ha\e 
been proved to exist, have been estimated to be 
iiicoinpeteiit to provide the reipiired amount of 
potable water incessantly. 

All supplies of good potable water tapped in 
Calcutta by the deeper shallow wells and by 
all medium and deep tube-wells are jirobably derive<l 
by percolation from the Ganges and the Hrahmaputra 
rivers over a hundred miles to the north. 
The amount of water extracted by tube-wells in 
Calcutta, Howrah and their vicinity is relatively 
very small, and natural replenishment now is .snfli- 
eient to replace all that which is extracted. Ikit if 
the number of tube-wells in and around Calcutta is 
increased, there is danger of the water deteriorating 
for two reasons : firstly, owing to an insufficient 
amount of water percolating from the above rivers ; 
and secondly, owing to the infiltration of sea water 
from the Bay of Bengal where formerly the larger 
natural underground flow was a sufficient barrier to 
prevent this. The nipst economical spacing of wells 
will depend upon the depth to water level, the depth 
k) which the wells are driven, the radius of the circle 
'>f influence of the well, and the distance through 
which the water level is lowered by pumping. 


Ill the opinion of Dr Coulson, an experimental 
Inbe-well of a depth of 5,Of>o leet, or less, aeeonliiig 
to whether or not the basement rocks underlying 
the Gangelic alluvium are encountered . before that 
depth, will provide mueh useful information. It 
is the coar.se gravel lieds immediately t)verlying the 
basement rocks that will most likely furnish water 
under artesian conditions, if .such actually do exist. 

In this connection, a geologist has raised the 
problem ol the possible eft’ect of overpumiang on 
slrnctiires standing in the area. The first result of 
overpumi)ing is de.siccatioii of l>eds and eonseiiueiit 
shiiiikage causing cracks and setllings. vSoiiie years 
ago, a very well-known heavy building in boiidnn, 
one ol W'reii’s masterpieces and a monument to his 
.genius, developed small cracks and those went on 
widening at such an alarming rate that it gave cause 
for great anxiety to the nation. All po.ssible devices 
were tried to i)reveiit further damage to the biiihliiig 
by the use of bolts, nuts, and tie-rods, but to no 
piirpo.se. A geologi.st began to think in a new 
line. He thought that since ]>ercc)latiou of 
rain-water falling on boiidon was reduced by 
the gradual ])aving of streets prev'eiiling percola- 
tion, the “bondon Clay*’, a tliicly plastic clay under- 
lying I^ondon, must have l>een getting gradually 
desiccated with a conseciueiit shrinkage of the clay 
resulting in production of cracks by settling. 
Itiigiiieers bored boles round the building and water 
was forced into the London Clay under it, and as 
was expected the cracked laces began to apiiroach 
and ultimately joined together exactly in their 
original orientation without the slightest deviation 
or displacement. But in Calcutta the surface layers 
bciii.g rapidly allernating, this device may not work 
satisfactorily in the event of similar danger. 


Facilities for Practical Traininj$ in Great Britain 

Tiiii High Commissioner’s office reports that as 
a result of the efforts by the education department 
ill collaboration with the India Store Department, 143 
candidates were provideil with practical training faci- 
lities ill the v'arious branches of engineering and 
technology, during the year 19.^8-1939. The secre- 
tary of the depaiinieiit points out that during the 
pa.st few years the difficulty of olitaiuing suitable 
and satisfactory training facilities for Indian stu- 
dents has markedly increased, especially in industry 
generally as distinct from the various branches of 
engineering. It has been practically iinpos.sible to 
obtain facilities in certain industries where secret or 
special processes were involveil, such as the chemical 
and glass industries, or where, as in textiles, Indian 
competition is formidable. He goes on to say that 
the main difficulty most probably arises, not from 
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any racial discrimination, as is sometimes alleged, 
but from the threat of intense trade competition. 
The instinct of self-preservation, accounts for the 
natural reluctance to accept trainees, who may tiirii 
out to ))e potential competitors. It has been i>ointed 
out that the firms liave not, in the majority of cases, 
any inducement, financial or commercial, to eiuvni- 
raj^e or recompense them for the trouble to which 
the maiiaj^emeiit and staff are pul, or for the dis- 
turbance of their orgaiii.sation which the i)resencc of 
trainees inevitably involves. Hut cases may be found 
out where premium was forthcoming to compeii.siite 
the dislocation but other grounds were (piickly found 
out for refusing such applications. Moreover, we 
believe that the si>ecial tariff facilities enjoyed by the 
Hritish goods should serve as sufficient financial and 
ixunniercial gain for providing these facilities. Hut 
unfortunately the State intervention stops short at 
this j)oint and while commercial treaties with other 
countries include a clause f<»r training, our goveni- 
meiit possibly considers such in.sisteiice in relation 
to fireat Hritain not es.sential for the welfare of the 
country. 

Tn onr review of the Progress of Hroadcasting 
in India published in the last November issue of this 
journal we pointed out on p. 254 the desirability of 
sending students to H. H. C. for technical training. 
The present Report recalls that in the Report for 
iQ34-.^5 there were particulars of a scheme under 
which the Director-fieiieral of the Hritish Hroad- 
ca.sting Corporation kindly arranged to accept annually 
two Indian students, from amongst those who had 
graduated in electrical engineering from English 
universities, for a two years’ aiipreiiliceship course 
ill broadcasting engineering alongside of the home 
ai)prciitices whom the Corporation train and select 
for their own engineering branches. It was rightly 
h(Ji)ed that the development of broadcasting in India 
would be materially assisted by this training scheme 
which in due course might be expected to provide a 
supply of well-(iualified Indian engineers. The Report 
informs ns that none of the four students who duly 
and sati.sfactorily completed the course and thus quali- 
fied as fully trained wirele.ss broadca.sting engineers 
was able to find such employment when he returned 
to India. In these circumstances, and after consul- 
tation with the British Broadcasting Corporation and 
the Government of India the scheme has been 
abandoned. 

It is strange that though the A.I.R, was consti- 
tuted as a vState deiwirtmcnt in IQ32, (two years before 
the .scheme) the arrangements for the technicJil train- 
ing have since been abandoned. We are in the dark 
about the circumstances under which the Government 
of India agreed to do away with the prospects of 
qualified engineers. Arrangements are however in 


force at present for training young men in the pro- 
gramme side who later work as directors of .stations. 
We would reciucst the authorities of the A.I.R. to 
enlighten the public about this situation. 


Veterinary Research 4n India 

Tiir Imperial Veterinary Research Institute at 
Mukteswar, in the Kumaon District of the United 
Provinces, has conqileted its fiftieth year. The 
nucleus for this was the central research laboratorN' 
for veterinary science recommended by a committee 
set np in 1SS5. That was the first govcrnnieiU re- 
search laboratory in this country. On December o, 
iS8(), the foundation stone of the propOvSed central 
research laboratory was laid on a site near the 
College of Science in Poona. The lalioratory 
was opened towards the end of 1S90, under thu 
charge of Dr Alfred Uingard, and the first under- 
taking was the making of Pasteur’s anthrax vaccine. 
Hi.s work on surra and Dr PMwaicPs introduction of 
goat virus vaccine for rinderpest stand as monumental 
achievements of the Institute. 

Anthrax became of secondary importance com- 
pared with rinderpest, and as the climate of Poojim 
had been found unsuitable for work on certain 
bacteria, the lalx)ratory was moved in 1893 to 
its new home, in the Kumaon Hills of tlu* 
United Provinces. In 1897 the lalwatory was 
visited by the noted German bacteriologists 
Koch and Pfeiffer, on whose advice the pre- 
paration of anti-rinderpest serum was commenced. 

The present main activities of the Institute arc 
research and the prodr otion of vaccines and sera. 
Since the first anti-rinderpest serum was issued in 
1899, the demand for these biological products has 
increased steadily, and growing scientific knowledge 
has widened the Institute’s activities. In 1913 lands 
were acquired for a .sub-station at Izatnagar, on the 
plains, 85 miles from Mukteswar, which has enabled 
the lu'oduclion side of the Institute to be separated 
,from research, and a nuiiil)er of new research sections 
have been added. The latest additions are the Animal 
Nutrition and Poultry Research sections which were 
opened by His Excellency Lord Linlithgow in i93Q- 

The Imperial Veterinary Research Institute can 
claim to be one of the largest veterinary research 
institutions in the world. The Institute has been 
engaged in the study of problems peculiar to Indian 
conditions and the progress has l^een satisfactory. But 
adequate measures arc still to Ixj taken to demons- 
trate the beneficial results of scientific management 
of livestock to the villagers under their conditions of 
living. There is an attitude of suspicion amongst 
the village folk besides their chronic poverty which 
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stands in the way of utilising the results of research 
lor improving the cattle and preventing epidemics. 

Science Congress at Benares 

Indian vScience Congress Association holds their 
■Sill session at Henarcs at the invitation of Henarcs 
Hindu University from January 2 to January 8, 1941* 
Phis year the Association has chosen one outside the 
research lal>ofatoti*ies to guide their delilierations. 
riiis election has happily coincided with the need of 
tlie moment, namely the organisation and develop- 
ment of industries in India. This is however not 
ilie first occasion when a non -scientist has licen 
elected general president. The late Sir Kajeiidra 
\ath Mookerjee presided over the Calcutta session of 
the Congress in 1921. vSir Ardeshir Dalai’s associa- 
tion with the Tatas, the largest industrial group of 
the country and other industrial combines is excepted 
to pave the way for a much closer relation of the 
scientists with the industrialists. (Growth of indus- 
tries and their development are essentially dependent 
on scientific discoveries. There was a time when 
the progress of industries was very slow and the 
immunoth factories for mass production at the 
heginning of the industrial era reciuired the working 
nut of a few simple basic principles. But now 
specialisation has revolutionised the industrial acti- 
vities and, to make matters more complex, newer 
l»nH'essc*s are replacing the old and newer industries 
aie springing up. The tempo of this march has 
increased within recent times and it is essential that 
scientific talents of the country shotdd not be left 
aloof in the academic laboratories. It will be of 
little assistance to simply borrow scientific helj) by 
iin|)orting scientific experts who have very little 
knowledge of the conditions of the CfHiiitry. It is time 
that science formed an essential element in the indiis- 
tiial life of India and the factories maintained 
:»dequale research staffs for their dav -to-day problems 
iind for long-range research projects. %Somc of the 
iii^ricidtural industries, cotton, jute and sugar have 
istablished research institutions Imt there are prob- 
i*^ms which require a vaster organisation and a 
wider vision and a larger team. The full res]>onsi- 
hililies should not always be laid at the doors of the 
(invernmcnt but the industrial entrepreneurs have 
large share to iK'ar in this respect. We still need 
‘’lore propaganda and public education so that the 
onlinary citizen ceases paying homage to science 
“I'd scientists as objects of reverence and curiosity. 

Programme of the Congress 

Therk are this year 14 sections including the 
^H w section on engineering where Mr C. C. Inglis 
" ill address on ‘Hydrodynamic Models as an aid to 


Kngincering Skill*. In the mathematics and statis- 
tics section Prof. M. R. vSiddiep will address on 
‘Functional Analysis and Mathematical Physics’, 
ill the physics section Prof. P. N. (diosh on ‘Role 
of Applied Physics in Industry’, in the chemistry 
section Prof. Mala Prasiul 011 ‘Physico-chemical 
Studies of Gels’, in the geology section Dr M. R. 
Salmi on ‘Palacogeographical Revolutions in the 
Indo-Burmese Region and Neighl Hairing Lands’, in 
the geography and geodesy section Dr S. M. Tahir 
Rizvi on ‘Conservation of India’s Natural Resources’, 
in the Iiolany section Dr Sliri Ranjaii on ‘Respi- 
ration of Plants in Light’, in the zoology section 
Prof. A. Subba Ran on ‘Some Aspects of Mammalian 
Placenta’, in the entomology section Rao Bahadur 
V. Rnmchandra Rao on ‘Some Observations on the 
‘Periodicity of Locust Invasions in India*, in the 
anthropology section Mr Tarak Chandra Das on 
‘Anthropology in the Service of the Individual and 
the Nation’, in the medical and veterinary research 
section Dr A. C. Ukil r>n ‘Some Aspects of Public 
Health in India’, in the agriculture section Mr K. 
Ramiah on ‘Plant Breeding and (icnetical Weak in 
India’, in the physiology section Dr B. B. Dikshit 
on ‘Sonic Observations on Sleep’, in the psychology 
and educational science section Dr 1 . Latif on 
‘Psychology and the Future of Mankind’. 

Amongst the di.sciis.sions, interesting subjects 
like ‘Fnvironnient and the Distribution of Popula- 
tion in India’ (section of geography and geoilesy), 
‘Salt from the Fast laike Hitterns Area’ (section of 
ehemislry), ‘Need for the Kxiiloration of Wild Forms 
for the Improvement of Crops’ (section of agriculture 
ami liotany) ; ‘Reasons for the lag in India of 
utilization of medical knowledge by the individual 
and initial steps towards solving the problem’ 
(.section of medical and veterinary re.seareli) have 
been arranged. The section of botany will hold a 
di.scussion on ‘The curricula for ILSc. (Hons.) 
examination in the various Indian universities ; 
their adequacy or otherwise for fitting graduates to 
undertake research work*. The series of 
lectures arranged this year aiipears to be stimulating 
to the laymen. Dr Cyril S. Fox will speak on ‘Some 
Aspects of the development of India’s Mineral 
Resources’ ; Prof, K, S. Krishnan on ‘The Karth as 
a (liant Magnet’ ; Prof. J. N. Mukherjee on ‘The 
Soil and its Conservation’ • ami Dr S. S. Bhatnagar 
on ‘Some Xew’ Applications of Colloidal Chemi.stry’. 

As in previous years the Indian Statistical 
Conference will jiroeecd with its work in close- co- 
operation with the Indian Science Congress ; and 
joint meetings have been arranged with fuiii: sections 
of the Congress. ’I'he subjects are “Correlational 
Analysis of Anthropometric ^laterial’*, “Growth 
vSlndies with special reference to Nutrition and 
Public Health’’, and “Standard Yields of Crops’’. 
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Announcements 

Dr B. N. vSin**!! of Patna Sdciico College lias 
been elected a nieinbcr of the Institute of Radio 
Kngitieers of II. vS. A. 

Tmc Council of Calcutta Mathematical vS»>ciety 
has decided tf) award the Krishna Kiunari-f lauesh 
Prasad prize and gold medal for to the author 
of the best the.sis on “Conception and development on 
the theory of numbers by Indian mathematicians 
before i^^nn A.I).“ The last <late of submitting the 
thesis for the award is .^ist IMarch, 194 .s. The prize 


and the medal shall be open to competition to all 
nationals of the world without any distinction of race, 
caste or creed. Full details can be obtained from tlu 
Honorary vSecretary, Calcutta Mathematical Society, 
02, Il^fiper Circular Road, Calcutta. 

Pkokkssor F. R. Bharucha of Royal Institute (^i 
Science, Bombay informs that tlfe inaugural incetin.i' 
of the Indian Ecological vSociety will be held on 
Tuesday, 7th January, 1941 at Benares to discuss tlu 
constitution of the Society, its programme and U, 
elect ofl ice-bearers. 


CYCLOTRONS IN USE IN DIFFERENT PARTS OF THE WORLD 


Readers of this journal are familiar with the story of invention and use of the cyclotron. On account 
of its unrivalled eflicieiiey in produeing high energy i>arlic'es, which are used for smashing the nuclei dI 
atoms and for the manufacture of artiticially radioactive elements which are now used as tracers in biological 
researches, the cyclotron has been installed in many leading physical laboratories of the world. Tlu* 
place of pride has been taken by the United vStates, and in U. S. A., by the Radiation Laboratory of the 
rniversity of California, where it was originally invented by Prof. IL O. Lawrence in 1932. The folh)\\iin; 
gives a list of cyclotrons in use in different laboratories w'ith their characteristics. 

It has now been fashionable t«> designate a cyclotron by the weight in tons of the amount of iron 
and copper use<l. The lust cyclotron probably did not weigh more than a ton. The latest cyclotron which 
is being constructed by Lawreiuv w’ill re<iuire alxnit 4500 tons of iron and 400 tons of coi)i)er. 
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Be.sides these, of which we h.ave definite information, cyclotrons have been or are being installed al 
the following places. 

/Inirrfca: Ann Arbor, Michigan ; 0 )rnell University, Ithaca, New’ York State ; Columbia Universilv, 
New York City ; Rochester, N. Y. ; Barlol Research Institute, Sw'arthmore ; Urbaiia, Illinois ; Cohniihu^'. 
Ohio ; McOill University, IMontreal, Canada ; Yale University, New Haven, Connecticut ; f^ealllc. 
Washington ; Bhimington, Imliana ; Chcmi.slry Departnicnl of the University of California (i6")- 
(rreat PW/fi/w : - Univer.sities of Liveniool and Birmingham. 

/Ic’inmirfc: Institute for Theoretical Physics, Copenhagen. 

Russia: Institute for Physics, Leningrad. 

France : — Lollege dc hVance, Paris, France. 

Nreedew : - University of Stoekhohn, »Swcdeii. 

Japan: — Nishina Institute, Imperial College of Science and Technology, Tokyo. 



Science in Industry 


Effect of Factory Conditions on Output 

Physic \E, medical and i)sycli()ln”ical investiiia- 
tioiis into some factory problems have disclosed a 
imiiiber of iiileresliii.n points whieli should l>e noted 
in Imildin;^ up an efficient and successful manufac- 
liniiii*' plant. The basic reasons for industrial failure 
aie l)ad factory conditions, ill health of the employees, 
lack of personal relationship and social forces. About 
lo'*/, of accidents, and diseases arise from factory (Hmi- 
(litions which include iioise-level, li.^ht, dietary, social 
iclations and emotional adjustments. About 5% of 
industrial accidents arc caused by i»oor liyht condili»m 
in the workshop and factory, which is usually found 
to be about half of what is necessaiw'. Poor li.eht 
and liiKli noise-level is n cause of strain and fati.eue 
to the nerve, and they lower the output. Heat and 
lii^h humiility of the air produce fatigue to a very 
high degree ; the effect is very much remarkable in 
warm countries. Fven in moderate climate of 
England the steel w'orkers produce 12% less in 
suiiiiiier than in w'intcr. The optimum temperature 
in a factory in the Western countries has been siig- 
L!csted as 6‘5-7o®F. 

When a jol) is reduced to such stark efficiency 
that only small group of muscles are used, they 
•inickly lx!COiiie fatigued, apparently because they 
cannot force the heart to increase out])Ut. A mobile 
job is less fatiguing. Aptitude and liking of one’s 
own job is also an important thing for output. 

^lercly increasing working hours does not in- 
crease output proportionately. The general trend of 
output with lime of work has also been studied. Out- 
put curve gets off to a slow start, climbs to a peak, 
kdls off about the middle of the spell, rises again, 
then drops as the (putting time draws near. In heavy 
'Nork a true fatigue-drop of about i/\% can be 
detected towards the end of the spell, but the drop 
dnriiig the iniddlc of the spell in majority of cases, 
caused by boredom. 

K. R. 

Noiseless Steel Cutting 

fTxv.ACKTVEKNK flaiiic-jet which has a tcnipcra- 
tiire of about 25oo®C, is now being used for cutting 


steel plates tpiickly, efficiently and noiselessly. Thi^J 
not only increases the efficiency nf st<.el culling alone 
but the process iiiiTeases the efficiency of the fne'lorv 
as a whole, owing to the eliininaliuii of noise which 
prodiic'es nervous fatigue of the workmen. 

K. R. 


Increasing the Utility of Jute 

Jute is now' being madi- into soUs of slii>p(‘rs in 
.\rgentine acconliiig to the julv RtviiHi of August, 
The jiite-soled sli|)per is kiiowm there as 
alfujrniiiiln and is in use for a long time. ’Phe soles 
are light, d*) not slip on wet w'fxul or gra^s, and can 
be dried without serious hurl to the sole. They ])rovc 
useful in .spoil and in sea-balhing. 'Phe slii)pers how- 
ever lack in (pialily and style and therefore when the 
upper is fashionably designed, this novelty is likely 
to prove a commercial success. 

The same journal informs that a British patent 
has been granted to a process to open up roots of 
jute to make them usable as ordinary jute fibre and 
to imjn'ove tile jute fibre or yarn by giving it the 
cliaracter and similar ipialilies as wthiI and wool yarn. 
Jute roots are bathed in siKliiim hydroxide solution 
and cooking siilt and then the Ihiuid is pressed out 
and the roots w'ashed out in clean water. They are 
then put into water mixed with a small quantity of 
sulidiuric acid. The material is then i>iisscd through 
a softener wlierc the water is pressed out and the 
roots soften. After rinsing in clean water which is 
pressed out, the material is dried. 

In the case of the jute fibre or yarn or other 
vegetable fibres such as flax, bemp and sisal, the same 
process as alx>ve is followed with fiirlher chemical 
treatment, which ‘woollenises’ the fibre. After 
sulphuric acid bath the material is rinsed in 
clear water which is ininiped out and then bathed 
in a mixture of chh^ridc of lime and ammonium 
bicarl Kina te. After final rinsing witli water the 
water is pressed out and the material dried. 
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Preservation of Fruits by Wax 

Till.; pivsLivalioii tcrlini(iiK* lias been much 
imprnwd with lliu advent of L-lectiical refrii* elation 
wliieli iiiainlainiiii; a low leiiii»eratiire .miards 
a.i^aiiiM !»aeteiial .urowlh and cii/vnit.- decay, besides 
these two destnu'live ai;ents, hiunidity is another 
lai’tor when water-loss of the vcLictables and fruits 
is taken into consideiatioii. Evaporation leads tt> 
slirinka.i^e of the fruits. Recently it has been foiin 1 
that fiiiits, espeeiall.N- citrus fruits such as lemon, 
oiaii.Lie etc., when coated with a very thin illm of 
natural or artilicial wax <loes not shrink due to eva- 
poration of water. The fruits are first washed and 
then, without dryin.i^, momentarily dipped into a cold 
bath of wax emnlsi(jn in water at nxmi temperature. 
'I'lie comitosition of the emulsion however is rather 
complex, but e.sseiitially it contains colloidal .suspen- 
sion of one or several kinds of waxes in water with a 
small ])rop(jrtion of tlissolved soaji to keej) the wax 
pai tides in dispersed phase. The coatin.t; is in fact 
very thin, t)nly a few microns (lo-'cni) in thickness, 
beiiioii, oranL',e, cucumber etc., are very suitable for 
such treatment, but leafy vej»elables are not so. 

/v. R. 


Substitutes for Diesel Fuel 

Tiik Industrial Research Bureau’s recent bulletin 
entitled “Indian Ve.Lietable Oils as Fuels for Diesel 
h'n.eines” records the results of three years’ investi- 
i^atioiis int(i the subject made at the (lovernmeiit 
'i'e.st lIon.se, AliptJie, Calcutta. It is reported that 
.groundnut oil, cottonseed oil and rapeseed oil can 
be used satisfactorily as diesel eii.^ine fuel in ])lace 
of mineral diesel oil. For this substitution, hardlv 
any alterations are necessary to the ordinary diesel 
en.niiies. 

The behaviour of a number of other oils, in- 
eludini> ca.stor, coconut, til, mohua, kapok, karanj, 
punnal or undi and iK)lan^, has also been investi- 
gated. The \e.i;etable oils are I’cnerally more ex- 
pensive than the chea])er mineral oil. But in certain 
parts of the country where mineral oil is more ex- 
pensive, the locally pnxluced vei;etable oils will tnove 
coinpiiratively cheap and economical. The present 
investiy:ations indicate one way in which the oils 


can be utilized in this country, which is one of ilu 
lar.i»est producers of vegetable oils in the world. 

It w^as found that the power reduction of tlii 
eii.eine when u.sin.n the.se ve.eetable oils amounted \t. 
not more than 2 to ^ per cent. This is sij;ni 
ficaiit in view of the much h)\vcr calorific value ni 
the vegetable oils, as it indicates that the heat efll 
cieiicy ()f vei’etable oils is definitely higher than th;ii 
of mineral oils when used in this way. 


Manufacture of Shellac Moulding Powders 

RKCKNT investigations at the Indian bai 
Research In.stitute at Namkum, near Ranchi, ha\r 
shown that shellac composition powders that conM 
be used for the manufacture of moulded j^oods lilw 
switches, etc., could now be pre])ared by mixiii}; tlu- 
ini;re<lients between hot-rollers without usin^ alcolx*!, 
thus savino in cost and increasini* the ease nt 
workinj;'. 

Up to now the preparation of the compositi«»ii 
powders was done by what is know'll as “wet 
process” in which shellac, fillers and chemicals wei\ 
mixed in a medium of rectified or methylated spirit, 
followed by the recovery of the solvent. 

In the present method it has been found tliai 
after the shellac-formal is produced by healiiiL; 
shellac and formalin for an hour and half, the snl'- 
setiueiil interaction of urea w'ith the formal is t<»n 
rapid unless carried out in an alcoholic solution 
Attempts to incorporate urea with the shellac-form.il 
between steam-heated mixin.e rollers led to preiin 
ture curing of the ct.mposilion into a rubbery 
before it became homogeneous. By adding howe\cr 
small (luantities of a high-biMling solvent like cycl" 
hexanol or a suitable plasticiser, this difficulty ha^ 
been obviated, as the plasticity of the composition 
under h^'it is considerably increased, thereby allow in;..’ 
sufficient time for the reaction. Cyclohexanol in 
the above ex])erimcnt can be replaced by Saiiticisci ■''’ 
(mixture of ethyl and methyl para-toluene suli>hon:i 
mules) with similar results. 

It must be noted however that the best results 
as regards uniform surface gloss are still l.>ein.g ‘^b- 
obtained by the “wet process”, but the distiin^t 
economy in the coSt of pixxluction might indiuv 
manufacturers to prefer this dry-mixing process. 



Nylon 


P. B. Sarkar 

Chief Chemist, 

Indian Central Jute Committee, Calcutta 


On tliL* :j7th October, wliilc siieakhii* to 

:in audience alteiidin.u tlie llnald I'lihunc I'oruin, 
in New York, Dr C. M. A. vSliiie, Vice-President of 
I'". I. dll Pont de Nemours Co. made tlic first 
|/iihlic announceineiit that the chemists of his Com- 
pany had succeeded in producing from coal, air and 
\\:iter a new textile fibre strikingly resembling 
natural silk. This has now passed the experimental 
>lage and has already appeared in the market. Tt is the 
first man-made organic textile fibre from coal, air and 
water-- synthetic in the true sense of the term and 
made from sources other than animal or living plant. 

The du l^)nt de Nemours Co. is one of the 
biggest industrial concerns of the Cnited States and 
1)1 the whole world too. An idea of how big it is may 
l)e made from the fact that in its i.v^th year ending 
1)11 Dec. .u, lo.V), it had a net income of (>3, 3 18,661 
•lollars. During this year it iiaid as wages and salaries 
a ^mii (if (17,600,000 dollars and spent about 27,7 (jo,ooo 
dollars in plant con.strnction. A huge sum had been 
^el apart every year by this Comiiaiiy for planned re- 
^e:lIch on sNiithetic organic chemistry to find out a 
suitable textile fibre and for long ten years the du 
Pont chemists worked assiduously on the problem. 
'Hie result is the silk-like fibre whii’h tliey call 
‘Nylon’. This reminds us of the synthesis of indigo 
by the ('lerman chemist Adolf von llaeyer and his 
CO workers who took 20 years to Hiiish the job ; the 
I anions German I'irm — the Hadische Aiiilin und Soda 
I'abrik sjieiU /, 2 ,ooo,(.kjo (ju chemical research and 
technical develoiimeiit before synthetic indigo was 
I 'laced on the market. We all know’ w hat it meant 
lor the world’s biggest natural indigo trade of India. 
Who knows w’hat will happen to the natural silk 
iiulustry of the world in the coming few years? 

Nylon is a fancy name arbitrarily chosen. The 
'i.inies of the most important indu.strial fibres cotton 
■‘ltd ray(m (artificial .silk) — end in ‘on’. So the word 
l as been coined with this similarity in view. Another 
'vnthetic fibre made from polyvinyl acetal resin has 
^biiilarly been named vinyon. This recalls the names 
"f metals, which usually end in ‘urn’. 


Natural fibres, c.g., cotton, silk, wool etc., are 
c»anposed of giant molecules molecules that are 
manv thousand times heavier than the hydrogen 
molecule. vSimple glucose molecules are the building 
stones ot cotton cellulose - these join together ill large 
.numbers by a |)rocess know n as polyineri.satioii, until 
very long chains are foinied ; fibrous structure then 
appears and we have cellulose. On the other hand, 
il cellulose fibre is partially degraded say by treat- 
ment with mineral acids, the molecular weight 
lapidlv falls and it is converted into a jiowder. In 
producing a synthetic fibre these two essential fads 
are to be ke])t in view the molecules formed must 
be extraordinarily large and also, the stiuctural units 
.should be arranged length-wise. A (wclic molecule 
however big is of no use ; it never forms fibres. 


How Xvi.oN IS M\I)K 

As has already been mentioned, the basic mate- 
rials for the manufacture of nylon are coal, air and 
water. Ihil the actual ingredients are (/) an acid — 
adipic acid, IIOOC (CD.,), COOII, made from 
I'oal-lar beu/eiie and (ii) an amine -he.xainethylene 
diamine, NIL (CUm),. Nil.., olitained fmm coal-tar 
hydrocarbons and ammonia. Amnnmia is derived 
from the nitrogen of air and hydrogen of water by 
the well-known Haber process. 

rile acid and the diamine are condensed together 
in presence of an inert diluent of high boiling jioint, 
mixed xylenols, cresols etc. by healing for a 
few hours at about 2oo®C. High molecular poly- 
ainino-methylene carbonyl comi)ounds are thus 
formed : 

NIL. (CIL)„ NH, f IIOOC— (CIL), - COOII 
—>H.,N -(CIL)« NH OC (CIL), COOH 1 ILO 

The condensation product again reacts with one 
molecule of acid and one molecule of amine to form , 

IIOOC -(CH,)4— CO— NH (CH.,),. NH -CO— 

(Cn,),-W -NII-(CIG)« -NIL, 
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wliii'li ill its turn coiiihiiics with a third molecule of 
acid and a thinl molecule of amine. And this k<^>cs 
on until the molecules assume j>igantic size and show 
lihre-fonnih.e pioperties. The water is removed as 
soon as it is l'orme<l and the solvent recovered by 
distillation iindiT reduced piessure. 'I'he operation 
is carried out in an inert atmosi)here of nitrogen to 
avoid slight cleconi|»osition and conse<iuent darkening 
of the thread. As the viscosity of the mass increases 
due to higher degree of polymerisation, its electrical 
conductivity diminishes and is measured continuously. 
The operation is complete when the intrinsic visco- 
sity of the mass is above 0 4. The final product 
coirsists of a mixture of long and short chains and 
honiologuiis jiolymers. The molecular weights of 
lhe.se polymers— Super-polyamides* as they are called 
vary between 7,000 to :2o,ooo. 

On cooling, the reaction product sets to a hard 
stable solid, but (Ml extruding the molten material 
at .*70° .So^C' b\ means of a pressure head of nitrogen 
through tine oiilices filaments are (jblained. 'Phe fila- 
ments at this stage are rather weak. These are then 
stretc’hed by a process <'alle<l ‘cold-drawing* whereby 
the threads not only become liner but also increase 
ill strength and pliability from 200 to 700 times, and 
are i»ermaueutly extended. The cold-drawing is an 
essential step in nylon manufacture -this is respon- 
sible fur its (mt-slanding fibre structure. The process 
may be said to have oriented the molecules along the 
axis of the fibre producing great strength and pli- 
ability. The mechanism of the formation of super 
polyamides of nylon, it may be pointed out, is 
analogous to that of polypeptides from amino 
carboxylic acids as elTecled by Kmil Fischer -the 
wizard of organic chemistry. The structural units 
of i)olypeptiiles are ; 

-CH-R— CO— NH— CH-R -CO - JNH— . 


ProPEUTIKS OV NYrX)N 

Rayon is either regenerated cellulose or cellulose 
acetate aiul contains 110 nitrogen. Between rayon and 
silk there is only a jiliysical resemblance. But nylon 
resembles silk both physically and chemically — nylon 
contains nitrogen and has a more or less protein-like 
structure. Nylon filaments can be spun to very fine 
deiiicrs, o‘ > denier — these are characterised by 
high tensile strength — both wet and dry— and excep- 
tional elastic recovery properties. In fact, nylon 
threads are finer in structure, more elastic and much 
stronger than silk threads. The following table 


shows its tensile strength in eoniparison with cotloii 
and silk : 


Tknsii.k 

STRKNOTn AT IIREVK 


g. 

. per denier kg 

. per mnr 

Cotton 

... 2 

28 

vSilk 

... 4 

35 

Nylon 

... 5.2 (dry) 

50 

1 » 

... 4.4 (wet) 

- 

Tensile strength of nylon remains uiicliaiigcd at iron- 

ing temperatures up 

to 2o5°C, melting point of nyh)ii 

being 245°C or near 

aixmt this. 


Nylon threads 

arc lustrous and 

silky — tliL-ii 

X-ray diffraction photographs are of the crystalliiu- 
powder pallern. They exhibit a remarkably high 

double refraction — 0 

f the same order as 

natural silk 

or cellulose fibres : 

Nylon Silk 

Kanii 

(n.).i 

.. I -.>80 1-584 

1-5J)9 

(n«).i 

1 .52l> 1 .'^211 

l-.M? 

DiiiiMf ri'fr.'uiion 

O-Otili OUST 



Nylon prossesses high resistance to moisture aii.l 
does not mildew. Moisture regains by nylon fibre .il 
relative hnmidity 60 and (/) are .5’7o% and 6‘7'>', 
respectively. Ordinary bleacliing agents, c.g., 
sodium liyi)ochlorite or hydrogen peroxide, do 
not affect the fibre when kei)t in the bath for moiu 
than two hours. None of the common solvents can 
dissolve nylon. Chemical reagents in general and 
hot alkalies and soa[>-liquors in particular, have little 
action on nylon. N>*oii fibres are readily coloured 
and can be dyed with any dye -acid, mordant, diiei l 
cotton, acetate rayon, vat and soledon dyes — each 
type making its particular coutrihutioii to the range 
of shades and fa.stness properties. 

By a simple ignition test, rayon can be di.slin 
guished from natural silk by the layman but not s<> 
easily nylon from silk ; both burn with difficulty and 
leave a bead-like residue. Hot caustic alkalies dis- 
solve silk but not nylon, and phenol dissolves nylon 
readily but not silk, wool, cotton and viscose rayon. 
Acetate rayon however, disvsolves in phenol Imt il 
also soluble in acetone in which nylon is insoluI>lL'- 
Thus, one can distinguish nylon from other Icxtiu 
fibres. 


Manufacture of Nyi^on 

Four patents for hosiery and other knitted fafiri*. ' 
made of nylon were issued on May 9, 1939 to K. 1 
du Pont de Nemours & Co., Inc. Wilmington, 
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:>y llic U. vS. Patent office. To bring nylon into 
general coinniercial production as early as possible 
'lie Company has invested 2,500,000 dollars in plant 
, xtension at belle, \V. Va., for making nylon inter- 
iiiediates and .S,5()0 ,(.kx) dollars on the erection of a 
nylon te.xlile plant at Seaford, Del. Production how- 
ever proceeded to the extent peiinitteil by a single 
pilot plant operated near Wilmington, Del., and 
hosiery made of nylon yarn was placed on side on 
October 24, for the first time. The first unit 

uf coinniercial yarn plant at Seaford, went into 
production on December 16, ig^ij. The capacity in 
iiill operation is expected to be --j.jk.xj/xk) lbs. 
of yarn per year. It is estimated tluit during 1040 
jilxait 5,0 (X),o(k> pairs of nylon hose will be released 
;it alxmt 115 dollar jici* jKiir. 'fhe present output of 
nylon by the dii Pont factory is sufficient to su]4>ly 
in% of the silk stocking market in U. S. A. 

The Imperial Chemical Industries and Courtaulds, 
l^td., have recently combined to exploit du Pout’s 
nylon in Great Hritain. Nvlon iiroduccd by that 
joint Company will, in due course, be supplied to the 
e xisting silk inannfactiirers and other textile indus- 
tries. The first tooth brushes made of nylon fibre 
hy du Pont have appeared on the British market on 
June 21, ig4o. We, in India, may expect nylon 
pioducts shortly, if they are not already in the 
market. 

On the advent of nylon, the silk industry of the 
u(uid will lie .seriously aflfected. The price of nylon 
is now at iiar with that of silk; as is usual with 
synthetic products, with time, the iirice will go 
clnwii and the (piality will go iii>. Japan lias built up 
in course of the last two decades the world’s largest 
raycni industry. In fact, she has gained her lost silk 


Industry 

market by rayon. Japan’s silk industry is even now 
<|nite big. The nylon issue has alreatly been discussed 
by the Imperial Diet and with Government sid>sidy 
research for finding out a nylon-like product has 
begun. It is reported that the efforts have largely 
been successful. “Japan’s synthetic No. I” made 
from vinyl acetate is said to be similar to nylon. It 
may be mentioned here that the American Viscose Co. 
is reported to have prothiced a synthetic fibre called 
‘V'inyon’, from vinyl chloride and acetate and 1 . G. 
I'arbeniiidiistrie’s (of Germany) Pe-Ce (Polyvinyl 
Chloride) is also a similar product. All these arc 
derived from c(jal nltimalcly. Tlicrc are sufficient 
C(»al, air and water in India. There is no reason whv 
a nylon-like i)r(Kliict should not U* made in this 
cuiintiy as well. 

lIsKs or Nyi,on 

The higli tensile vStreiigth coiii»led with its wear 
resistance renders nylon valuable lor hosiery. Next 
come other knitted goods, lingerie, bathing costumes, 
sewing threads, woven materials, shirtings, i)yjamas, 
and woven mixtures with other textile fibres to in- 
crease their strength and wear resistance or imparl 
the possibility of fancy weaves and coloured effects. 

Nylon has already lieen on the market in the form 
of bristles for brushes, gut for lisliing lea<lers and 
surgical satures, and yarn for sewing thread and fish 
lines. The yarn may al.so he used for laces. Nylon 
brushes arc a great aid in bottle washing. Bead cord 
made of nylon is being siipplic<l to tlic jewellery trade. 
Nylon threads arc e-Xpcclcd to be useil by R. A. P. 
for i»arachiite fabric, balloon silk, and air-craft 
construction. ‘Kxlr)ii’ used for tooth brush bristles 
is merely a trade name for nylon lu islles. 



Medicine & Vublic health 


Sulphathiazole in Malaria 

P\KKMi\M-\V\i.sn (■/ <»/ {Lmucl, 2, 7 q, ic^S) 
() 1 )Sl*i VL ‘(1 tlmt prontnsil ml, proseplasiiK* and siilplia- 
pyridiiK! have aiiliinalarial properties. Isaeli of these 
i’oiiip<ninds eoiitaiii^ tlie .^roiip : X.C,,II 
Since siili>hatliia/ole also contains tlie above .uroiip, 
Pakenhaiii-W’alsli c/ <// {lAUicti, 2, 485, i()4u) 

studied its aiitinialarial activity in patients snnerini' 
from vieiieral paralysis of the insane, who were in- 
jected with heni.nn tertian malarial parasites. They 
observed that the compound reduced the parasite 
count and comidetely eliminated them from the 
blood stream. The dose of suli>hathiazole reciuired 
was higher than the other sulphonamides used for the 
pur|M)se. This is due to the relatively rapid excre- 
tion of sulphathiazole {Lnuri l, 1, SS4, ig4r)). 

X. n. 


Calcium Therapy in Heart Failure 

Intkwknous iujeetion of calcium .j>luconate is 
.uiiven in cases of heait failure. Cheiiiisse (/b. niaL, 

Si, 1024) observed lliat calcium enhanced the 
action of di.uiitalis in patients with cardiac oedema, 
bower (■/ III (h'lii. . I »/(■/. Mfd. .Iv.v., /06, 1151, 
iij.Vp, however, observed that two of their ])atients 
who were fully diinitaliscd died withiu a few minutes 
after they reivivt*d intravenous injections of calcium 
salts. Roi^eii {Lnncct, 2, .152, 11)40) has studied the 
elTect of calcimii salts in cases of heart failure. He 
has concluded that intravenous injecti<m of 10 c.c, 
of 10 iKM' cent, calcium .i»luconate does not lead to 
toxic manifestations provided at least tw'<> minutes 
are allowed for the administration. Accordiiii’ to him 
it is danj2erous to Liive intravenous injection of cal- 
cium .ehiconate to digitalised i>atients. The injection 
however may be given after the administration of 
digitalis is stopped for four days. 

X. H. 

Sulphathiazole in Pneumonia 

C'lAisroRi) el al {Lancet, 2, 451, i()4o) studied the 
effect of sulidiathiazole in ten cases of pneumococcal 


lobar pneumonia. They have observed that the di in- 
is as useful as sulphapyridine which is mostly used 
in the treatment of |)neumonia. The temperature <>1 
the patients, however, does not fall promptly as willi 
•sulpliapyridine. (hie chief point in favour of sulph:i- 
thiazole is that it does not cause vomiting. If siilidui- 
thiaz(jle is used in combination with sulphapyridiiu 
in the treatment of pneumonia, the most troublesoiiu 
complication of vomiting can be obviated entirely. 

X. /i. 


Further Medical Supplies 

Ki’RTIIKR to a note on the subject of medic:il 
stores supply in the last Xoveinber issue of llii> 
journal (j). 55()), we understand that attempts, aiv 
being made by the ^^edical Stores Supi>lies Commiltec 
to produce a conpilex chlorine compound hitliLiln 
imported which is essential for the manufaetim- «>1 
many non-irritating ehicieiit disinfectiints which ai\ 
now so largely used. A dye called acriflavine is aK" 
an important disinfectant, ])articnlarlv in war tiiiir, 
and its manufacture in India from locidly prodiuvd 
mateiials is under investigation. vSamiiles lia\i 
already been produced in an Indian laboratory. 

India’s most concentrated form of vitamin C i'' 
“amla”. Amla berries are collected in the Xilgii> 
under the su])ervision i)f the Director, Xnliitieii 
baboratoi ies, Coonoor, dried and made into tabld^ 
f)f suitable size for treatment of scurvy. 

Substitutes for corks are also being considiivd. 
These have become e.xpensive and difficult to obtain 
owing to the war. vSamples t)f wooden corks made 
by the K(>rest Research Institute, Dehra Dun, havin-j, 
two circular slots to increase resilience are being 
examined and are to lie tried out on a large scab. 
Bottles with threaded glass necks and metal ca|» 
as well as bottles WM’th crow n corks are also considen d 
as possible .substitutes for bottles with corks. 

Assuring Long Life to the Old 

ExrEnwTiON of life has gradually increased 1 
countries w'herc conditions of living have* bci ’ 
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iinpiovcil l)y ulilisiiii; soiciililk' discoveries. Newer 
milrilioiial researches may lielp in adding aiiotlier n> 
i.er cent, to the present average a.ee at death. In the 
I’liited vSlates just after Revolutionary War the ex- 
pectation of life at hirth was .V) to s.S years, in igoo, 
years, and today white male hahies can look 
loi ward to 6o and ftMuale t<» years. 'Plioneh the 
avera.i'e loiii'evity has increased, persons survivin.e to 
.iilvaiiced a.ees are not found to live lon^^er than 
furmerly. Declining; hirth rate and declinin.e morta- 
lity rates for infancy, childhocKl, adolescence, and 
laiiy adult life co-operate to yield an aein.e pojmla- 
lion. In India however men helon.eine to post 
rejiroductive idiase c)f iivini*, that is past 50, constitute 
less than 10 per cent. The niuuher of elderly peM)i>le 
(past U.i) in the States is ^.tradually increasini* and 
an article in the Scicnli/ic .hucriran draws atteiiti^iii 
tn a new hranch of medical science, (’leriatrics, as 
(fpposed to i)ediatiics, which is developiiye to help 
ohlsters towards maxnmun longevity. The elderly 
lia\e i)ractically all the diseases of youth hut none 
additional and therefore the geriatrician should 
he specially expert along specific lines. In advanced 
wars the old disea.ses run a course markedly different 
fnan that followed in earlier decades. The organs 
and their functions change a great deal which in 
yiiunger patients are traceable to pathological 
causes. 'Pile geriatrician must however regard 
these as normal or physiologicid. 'Preatment of the 
«»ld lias accordingly hecome a speciali/e<l work. 
In them mild symi)tom> may lead to latality. 
' 1 ‘lieir reaction to drug is greatly altered. Long 
‘'lavs in the bed !'or the old may make insi- 
di«ais attack on hearts. On the other hand, the 
.i,'-:e<l endure surgery better than many young.sters. 


As regards nourishment the vitamin n-c«>mple.x is 
important to the geriatrician to make good the 
deficiency of his patients. Fat should be less eaten. 
This medical specialil>', geriatriis, is still in an 
apparently discouraging field, and may be eclipse«l 
if the secrets of rejuvenation arc found out, for 
which the basic bio-sciences have not slackened 
their re.se‘arch. 

First Aid for Burns 

'PllK fundamental piincii)le of liisl aid for any 
injury is to avoid further damage to it between the 
time of the acciileiil and the beginning of medical 
!-are. As regards burns, So per cent, of deaths from 
burns are <lue to shock and colla])se. The fiist aid 
woiker should therefore adopt measures to miniiui.se 
this danger. Shocks are geiierallv i-aused in case of 
burns by loss of body fluids and loss of l)lood plasma, 
extreme pain and by toxin absorption. Resides 
keeping the body ami the burned area warm and 
giving some Iluid to the patient, the standard first 
aid is now an a'lueous jelly containing 5 per cent, 
tannic acid and ‘3 -per cent, phenol. 'Pannic acid 
treatment of seritais Imrns re.sulted from a search for 
a coagulant of |>roteins. The Chinese were rei»orted 
to treat burns with a strong decoctitm of tea and 
Dr Davidson who was carrying on the work replaced 
the pho.s])hotungstic acid on which he had worked 
so long with tannic acid. Later the technitpie hay 
been improved and tannic acid jelly has been 
deVeloi)ed, which including its coagulun being water- 
soluble can be removed without disetnnfort. Oils and 
grcase.s must m>l be employed partiiiilarly in case of 
.severe burns. 


Some Essential Health Unit Procedures* 

W. P. Jacocks 

Regional Director for India and Ceylon 
international Health Division of the Rockefeller Foundation, Delhi. 


I 1' all expectations arc realized, those of y»)U who 
are students for the D.P.H. (jualification will be 
'e.si)onsil)le medical ofTicers of health in the near 
future, some of municipalities, some of districts and 
''^une of i)rovinces. In any one of these capacities 
yuii will have the duty of setting up or of main- 
tainiug a health organization of one sort or another 
in accordance with the needs of your position. 


In your studies at the Institute you have learned 
of the types of health organizations which are in 
force in India and throughout the world. The 
purpose of this talk is to add to your general 


* .\ leclurr dflivcri-d .Xpril 7, HMO In llii* D.lMl, 
nf tlie .Ml-Iiuli.'i Inslilnli* t>f n\giini‘ and I’uhlic 
IhalVli, t‘aU'uU:i, at llii- Singur Ilealtli fiiil Ollice, Ilnnylih 
DiNlriet, Ueiigal. 
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knowledge by (kscribiii;^ to you some essential details 
of one type of or.eani/.alion coninioiily desi.^nated in 
India as the health unit system. 


ir]ST(n<v 

Tl.c ten., “health unit” has hec. i..tro<h.ced 
fro... the West a.i<l is ..ot ,.artie..laily well ehose.i for 
this part of the worUl. 'I'lie .piestion .s open now 
to all of von. as it has l.een open for many years, to 
s,.««est a more suitable na.ne. A title is rcit.ne.l 
whieh would lit lietter into the la.iKuaKe, h.storv, 
and habits of the jieople of India. 

In the United States health unit work is referred 
to as a “county health orRani/.ation** since the county 
is tlk* smallest fiscal unit and contains a suitable 
health unit poi>ulation. 'I'he first county health 
<,r.i*ani/.ation uas started in iQoc). Thirty years later. 
i,^7u countries, about rme-half of those coiniiosing the 
fiirty-eight states, had full time directors to supervise 
the public health interests of the rural population. 
Since u)i<) this type of organi/atioii has sprung up 
in all parts of the world, Kurope, vSouth America. 
Africa, Asia including the Philippines, Malaya. 
Burma, Ceylon, and India. 

Ill this immediate section the first unit uas 
started in Ceylon in igjn. At the present time 
there are eleven units in operation in that country. 
In 1020 a health unit was started in Biirma.^ In India 
the first health unit licgaii to function in Travaneore 
in ^lay io,>i followed by Partabgarh in the I nited 
Provinivs in July of the next year. 'Hiere are n*>w 
seven health units in India located in the political 
divisions of Travaneore, Mysore, Madras, Ben.gal, 
United Provinces, Delhi, and Bombay. Proposals 
come to oiir f)fiice regularly, and in the last five 
years an average f>f one new organization has been 
added each year. There arc proposals now for lou* 
and iiuiniries in respect to years to come, these 
statements indicate to you that health unit work is 
not a new activity and that its methods of operation 
are becoming well known and ai)preciated in India. 

The following points have been agreed upon ; 
'I'he area should have 40,000 people ; the budget 
should be Us. 30,000/-; the staff should consist of 
one medical officer of health, one medical officer 
who, if the purdah system prevails, should be a 
woman, four .saiiiiary inspectors, four health visitors, 
who should be trained public health nurses, eight 
mid wives, one clerk and the necessary menials. 


There .shouhl be adci|uate funds for travel by tlu 
staff and for ccinipmeiit and supplies. Tlie staff urns' 
lx? specially trained to enable them to undertake all 
recognized public health activities such as health 
education, general sanitation, collection and study 
of vital and morbidity statistics, control of preveii 
table endemic and epidemic diseases, vacciiiatinn 
and preventive inoculation, maternity and infant 
Welfare, school health work, adult hygiene. If this 
work is faithfully carried out the state or province 
will derive noteworthy benefits. 

In si)ite of the fact that these procedures ha\ • 
been clearly stated in print and have been generall\ 
practised there has been a tendency in many fpiaiic rs 
to modify the routine to meet preconceived nolimis, 
and fre<iuently such modifications arc not in harmf)iiv 
with health unit ideas. Therefore the purpose of this 
talk is not to describe in detail the setting up of a 
health unit organization as such informalion can Ik- 
had from printed sources but to stress certain pro- 
cedures which should not be modified and which ;iri 
essential to siiccess. It is a well-known fact lli.u 
an t>rganization is only a guide. It will not work 
of itself. It must l)c attended to, nourished, 
encouraged, just as a farmer takes care of his oroj. 
from the time he stirs the soil until the harvest. 
It is such iK>ints as these which will now Ik 
di.scussed. 

SuRVEYvS 

First consideration will bo given to the surve\ . 
When a rc.sponsible officer expects to undertake 1 
programme of work his first plan should be to se. 
and study the field (jf operation in order to find oiif 
the iialu^c of the prohlem which awaits him. If li^ 
is wise he tours the area, meets the people, (incstioii' 
them, observes details, and lakes all other stei)s whieli 
will enable him to get accurate knowledge of Ou 
section and of its people ami of its problems. Based 
on his own obser\'ations and on the informati'r! 
gained from the people lie can come to a rational 
coiicliisioii ill respect to the procedure which it will 
be necessary for him to follow in order to deal with 
the situation he has encountered. This long state- 
ment is a definition of what is meant by a survey. 

One must know when and where and under wU-d 
conditions events which lead to illness and death iH ' 
taking place ; one must havT a knowledge of the 
sanitary environmental situation. These data 'vid 
enable the medical officer of health to determine tl’- 
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’dative importance of the various health problems 
iiid to arrange accordingly his programme of attack. 
The survey will give him this information. 

The workers must know the ])eoi>le and the 
j)eoi)le must know the workers. The villagers should 
iiiiderstatid why the workers are there, what thev 
intend to do, and what they expect in the way of help. 
When the staff members have gained the confidence 
Ilf the villager through the home-to-home visits they 
will find that the task has been greatly simjilitied. 
It has been the experience of a large number 
of workers that failure to receive co-oj)eration fnmi 
villagers has been due for the most jiart to the fact 
that the staff workers did not know the villagers 
sufficiently well and consequently had not secured 
their confidence and siqiport. The survey furnishes 
a s])len(lid ojiportunity for the health unit stalT and 
the villagers to become ac(|uainted. 

Finally the data gained from the survey will 
lonn a base line of comparison , In a few years it 
will be necessary for the medical officer of health in 
eli.'irge to measure the progress which lias been made 
against the situation which was found before any 
work bad been done. The survey will supply this 
early data. 

From the.se statements yon will perceive the 
nason for placing this important suhjcct first on the 
list and the necessity for .siieiidiiig considerable time 
on it. The health unit organization cannot use its 
time to better advantage for the first six months than 
in carrying out the necessary surveys, and it is jirob- 
ahle lliat for this reason some health units have 
.ul()i)te(l as a slogan the expressive phrase, "Know 
yoiir area, know yoiir people." 

Trratmknt 

For a long time the p>osilion in respect to each 
' tiler of curative medicine and of preventive medi- 
cine w'as not well defined. At one time the two 
Iiranchcs w'ere separated by a w'ide breach. In later 
years the trend has been for tlie two groups to come 
closer together, but even today it is difficult to decide 
i’!>on the proper authority in respect to an epidemic 
' I smallpox. Who is to vaccinate and who is to 
*'eat the case.s in the infectious diseases hospital? 

The health unit has been accused of opposing 
'1 treatment. This is not accurate. One of the 
' ‘‘luirements in selecting an area is that it should 
■I VC a hospital and other treatment facilities staffed 


by curative, bnl not health unit, officers. 'The 
medical officer of health and the medical officer give 
anlicholera, aiitiplaguc and antityphoid inoculations 
and in an emergency any needed medical atleiilion. 
In their training saiiilary inspectors and piililic health 
nurses are inslnicled in the giving of mass (ininine 
treatment, and mass hookworm treatment, and in 
home demonstrations of methods to combat scabies 
and pediculosis and other minor items. 

.\s developed in this part of the world health 
units have avoided treatment as a major objective 
in so far as treatment refers to the setting up of 
(lispeiisaries which are kept open daily to treat all 
ailments. The reason for this was and is sound. 
Curative medicine had long been established and 
dispensaries had been organised in all parts of the 
country. If the beallh unit had opened additional 
dispensaries it would only have duplicated existing 
facilities. Furthermore when dispensaries are eslal)- 
lished extierience has shown that the tendency has 
been to neglect iireveniion and to give first attention 
to treatment. Dis])ensaries keep the staff at a fixed 
IKiiiil and prevent the workers from visiting the field 
which is the proper area of their activity. There is 
no doubt that offering treatment is the easiest way 
to reach the ]K*ople because they know nothing ekse 
alKMit medical ]>rocediires. vSinnd public health 
work accentuates methods for keeping people well. 
It might almo.st be said that dispensaries put a pre- 
mium on illness if a villager is to receive attention. 
All in all the matter resolves itself into the (luestion 
as to whetlier one is going to si)end his efforts on 
trying to keep the people well or on following the 
easy route of treating them after they become ill. 
Is be going to try to eliminate causes or to take care 
of effects? If treatment were the main consideration 
there would be no point in your coming to this 

Institute for additional (jualificatif)ns. 

• 

In giving utterance to these statements no 
attempt is made to minimise the value of treatment. 
When treatment is needed it should he given at a 
proper place ami by a properly desigiiateil staff. Nor 
is any atteinjit made to tliscuss the type f)f health 
organization which should he develo])ed in a country 
tf> attain all these ends. These remarks are confined 
to this particular method of health iirocedure. 

Cr.lNiC.s 

Health unit clinics in India are established for 
maternity and infant welfare work and for no other 
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purpose. The reason for this lies in the fact that 
health visitors rather than public health nurses are 
assigned to the work and, as the training of health 
visitors has been solely in maternity and infant wel- 
fare work it is not poSvSible for them to undertake 
other activities. In most countries the public health 
nurse has a wider training and a wider field of acti- 
vity. vSlie docs maternity and infant welfare work, 
bill in addition she does clinic work and home 
visiting work in respect to tuberculosis, venereal 
diseases, nutritifin, school health and in some ins- 
tances has sncccssfiilly invaded the sphere of the 
sanitary inspect»)r in order to have latrines cons- 
tructed. The key to useful public health work is 
f)ften found in the in/hiencc which the female 
members of the staff have with the feminine members 
of the household. Were this staff member’s training 
based on knowledge gained as a trained nurse rather 
than on knowledge gained as a trained midwife the 
range of the work of the public health tuirse could 
be widened to the advantage of the public health 
programme and to the benefit to the people of the 
country. 

Maternity and infant welfare clinics are now 
held weekly for the most iiart. 'I'his time sequence 
is empirical and has been adoiHed from other coun- 
tries. A desirable attitude which ought to be deve- 
loped early would be the determination of a sound 
basis for estimating the frciiueiicy with which clinics 
.should be held. TTolding clinics the same day each 
week enables the date to lie followed more easily, 
but as a matter of fact attendance at the clinics is a 
responsibility of the health visitors so that they are 
the only people who really tiuist: remeTnl>er dates. 
Tf the same results could be obtained l)y having 
fortniffhily or monthly clinics, and some evidence is 
already available in support of the fortnightly clinics, 
it is obvious that an immense advantage would be* 
gained, since additional clinics could be established 
thus bringing each clinic nearer to the home of each 
villager. 

Based on experience the best results are obtained 
when the 7t'cll-baby and the prenatal clinics are 
separated. There is a disinclination on the part of 
the exi)ectant mother to a.ssemble with a large group 
unless the group is coming together for a similar 
purpose. The attention they receive is different from 
that at the well-baby clinic which is often so well 
attended that it is not possible to give the requisite 
attention to the expectant mothers. 


The practice of persuading mothers and children 
to attend clinics by offering drugs, food, toys, and 
similar enticements is not a good one and has no 
.sound health foundation. Experience has shown that 
as soon as these inducements are omitted the atten- 
dance drops, since the mothers seem to have no other 
good rca.son for visiting the clinic. It is an evidence, 
therefore, that the health visitors and other niemlvrs 
of the staff have not done their full duty, which 
includes placing emphasis on the permament vahu* 
which attendance at the clinic will have on llu- 
health of the child. 

It is left to your common sense to think upon 
the advisability of bringing sick children to clinics 
to mix closely with children who are well. Tf oni 
ideas of communicable disea.ses are sound, infections 
in .such as.scmblies will be transferred from those 
who are ill to those who are well. 


Lroal Powkrs 

This subject is introduced because one has so 
frequently heard from medical officers of health that 
they cannot get the people to co-o])erate unle.ss tlie\ 
can compel tlvun to do st) by law. When this com- 
plaint is made one is tempted to conclude that 
medical officer of health might have done better i'> 
law c)r in police service. 

At the same time it is realized that it is essentinl 
for every public health <lei>artment to have a lee '1 
sanitary code to which resort can be had as needed 
But legal jiowers shoukl l)e used si)aringly, preferal>lv 
as a last recourse. The danger frequently found 
that the medical officer of health and his staff an 
tempted to rely loo much on the code and to prose 
cute the villager if the work which is suggested is 
not properly and ipiickly executed. Thus by tin- 
action the health official transfers the work for whicli 
he is re.sponsible to the law courts. In order to gel 
the courts to act he must be present to give evidence 
lie is thus kept away from his proper work in the 
field. If he wins his case, or if he loses it, he h:i- 
alienated goodwill in the community and has nuuk 
an enemy of the person i>rosecuted and of all his 
friends and relatives. And hence it might be sin ’ 
that the la.st state of the situation is worse than tlu 
first. 

A medical officer of health who cannot get 
per cent of his work done without recourse to huv 
should feel that he has failed in his approach to tlu 
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jieople with his problems, and this situation should 
indicate to him an early and careful analysis of him- 
self and of his methods. 

Your indulgence is asked in giving an illustra- 
lion from an actual occurrence. When the first 
health unit was started in an eastern country the 
statement was made in the opening ceremony that 
four sanitary inspectors would be stationed in an area 
which previously had had only one inspector. The 
people at once protested vigorously staling that one 
such evil was enough and that the burden ought not 
U> be increased fourfold. There was a reason for this 
ittitude by the people. The old in.spcctor had spent 
most of his time in the court-house engaged in pro- 
secuting the people for minor infractions of the law' 
and had neglected his fundamental duty of mingling 
with the villagers and w-orking with them in a 
sympathetic W'ay in the approach to their health 
problems. Although the i>eople were assured that 
nothing of the sort would occur in the new' unit yet 
il was not until two years had elapsed, without prose- 
cutions, that they were convinced that inspectors 
could be true friends and true helpers. As a matter 
<if fact since those early davs the sanitary inspectors 
have joined heartily in the work and have made some 
worthwhile suggestions in regard to carrying out 
certain phases of sanitation work. 

CoNFKRKNCES 

Grouj) conferences are recognized procedures in 
all well run activities. It has been stated by the 
medical officer of health who had most to do with 
developing health unit work in this part of the world 
that the w’eekly conferences of the staff were so im- 
l)ortaiit that they could not be omitted. This state- 
ment is no exaggeration. The staff does not work 
ill watertight compartments, each one exclusively for 
himself, but all work together as a unit. The 
problem of one is the proldem of all. They deal 
with the same people and are aiming to attain the 
same ends. A clear statement of a difficulty which 
<>iic member of the staff has to contend with, followed 
by discussion and decision, is helpful to the whole 
group. The weekly conferences tend to keep the 
?^taff members interested in the entire health unit 
I programme thus making for higher standards of 
excellence. 

Occasion is taken at the conferences to prepare 
advance programmes. After the general conference 
IS ended a paper can be read by a member of the 


staff on some aspect of the work or a short talk by a 
visitor can Ik; arranged for. 


O )-( >PKR,\TI( )N 

The value of co-operalioii taniiot be over- 
emphasized. It is the foundation of all pul die health 
work. Unless the people concerned help, the work 
cannot be successful in India or in any other country 
of the world. It is not enough to secure the co- 
fipcration of those in the imiiiediale neigh I Miur hood 
of the clinic or of the centre or of the snbeentres. 
All the people, including those in remote parts of the 
area, must be reached. 

It has been the general experience of health 
W’orkers that peojile will co-operate if the necessary 
information is clearly and convincingly juit before 
them in respect to the problems found in the area 
and the methods to be followed in solving them. 

Puldic spirited citizens of the province and 
w’ealthy jieople living in the area can jirovidc at their 
ow'ii expense suitably furnished central offices, clinic 
buildings, wells, pumps. This tyiie of co-operation 
is indispensable and acceptable, but, as good as it 
is, it is less useful than the daily assistance rendered 
by the peo])le of the area in cleaning up the .sur- 
roundings, in ventilating the houses, in getting every 
one protected from smallpox through vaccination. 

There arc definite items of work which the 

villagers can do themselves under guidance, and the 
best method of obtaining their co-operation in this 
respect was suggested by a sanitary Inspector in 
Ceylon who inaugurated the formation of health 
leagues. A health league is only one form of a 
village panchayat in which each village organizes 

itself to do a particular kind of work. The 
.entire village population constitutes the league 
membership and at meetings any member of the 
village community is free to offer suggestions 
or to discuss proposals. The usual jiroccdure 

is to form a small committee consisting of a 

chairman, a secretary and three or more members 
of the village. This committee meets monthly and 
records its deliberations in a minutes book. A 
memlxjr of the health unit staff attends the meetings 
by invitation and gives the committee the benefit of 
his technical knowledge. As a result at one of the 
early gatherings a programme is prepared containing 
various items of work to be attempted and the order 
in which they are to be taken up. These details 
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include cleaii-up days by sweepin.1*: and by rcinoviin* 
the cattle to the liordcrs of tlie villai'e, vaccination 
aj^ainsl smallpox ami other diseases, imtliiiK venti- 
lators and windows in homes, di.ei;iiij^ bored hole 
soaka^^e pits and bored hole latrines, collecting vital 
statistics, and attendinir to other similar village needs. 
'I'he princii)le of the health league calls for the com- 
pletion of one activity before the next task is started. 
The stimulus for completion conies from the league 
and not from the health unit stall and this is parti- 
cularly true if the next sul)ject on the list is some- 
thing which the villagers greatly desire. This prin- 
ciple makes for completed work and avoids the usual 
I)rocedure of doing a small amount of work on a large 
number of problems, completing none. 

The first organization which started this activity 
in India was the Parlabgarh health unit in the Unitetl 
Provinces. In this particular feature it can be defi- 
nitely said that Partabgarh leads all other health 
units in India at the present time. It would be 
pOvSsibli! to visit any village in which a league exists 
and to learn that everyone, young and old, had l)een 
vaccinated against smallpo.\, that all homes were 
ventilated, that each home had a bored Iiolc sc^akage 
l)it and bored hole latrine, and that all occurrences of 
births and deaths had been accurately recorded. In 
resi)ect to environmental sanitation and inoculation 
the league has improved matters beyond all recog- 
nition. The reason for its success is dtie no doubt 
to the utilization of the panchayat principle which 
is universally understood in India and is clearly 
appreciated by all village bodies. It is probable that 
the development of the health league idea is the most 
important contribution to general sanitation which 
the health unit system has yet made to the cause 
of public health. The health league method of 
aj^proach has secured co-operation by the men. Could 
not a similar ai)proach be made to secure the co- 
operation of the women in respect t(^ their particular, 
health problems? The puldic health nurse could 
study this problem with the village women. 


Inspections 

No work can Ixj successful or lasting unless the 
requisite attention is given to it. If one secured the 
finest seeds and planted them in the best .soil the 
growth would be disappointing unless constant 
attention were given to the weeding, the stirring of 
the soil, the keeping out of harmful animal and 
vegetable elements. In other words your harvest is 


going to reflect the attention given to the choice of 
seeds and site, hut, most important, to the cultivation 
of the crop. In health unit work care should Ik 
exercised in the location of the area of activity and 
in the selection and training of the staff. If, however, 
no further attention were given it is not uiirca.s()n 
able to expect that failure would ‘follow. As a niatUi 
of fact inspections are an indication of interest and 
one cannot presume that a subordinate will show 
more interest in an activity than is shown by tliu 
responsible iierson who is in charge of the work. 

By inspections, one does not refer to visits fai 
destructive criticism, for “ticking off” the worker^ 
f<»r this and that, and for threatening them if 
certain things arc not done. An inspection is a 
friendly visit for gaining information, for discussion 
of problems, for giving advice out of one’s larger 
experience, for working with the field man to find 
out his difficulties and for siig.gesting means of 
meeting them. It can he staled definitely that ins 
pections of this nature are welcomed ; they are looketl 
forward to and are slimnlating both to the visitor 
and the visited. 

Careful inspections will reveal that health units 
are not static, that they arc moving forward. Tlk- 
health unit of ig/jo at Kaliitara in Ceylon is far 
different from the same health unit which began theru 
in 1926. Progress has been made each year. 'I'Iil 
Kalulara unit has kept up with that progress and in 
fact has created some of the progress. If you wisli 
your work to be interesting , to be successful and pro- 
gre.ssive yon must study it and yonrself constantly. 
By way of ilhislratioi: please consider tlie motorcar. 
In IQ20 the motorcar was a comfortable, reliable 
vehicle which would lake one to his destination mon- 
quickly than other means of traffic then known on 
the public highway. Conceivably the motorcar 
inanufaclurcrs might have stiid to themselves that 
they had a good product which recpiired no further 
attention. No one could have criticised the manu- 
facturer l)ecause general knowledge did not gn 
beyond the principles then known and introduce<l in 
the manufactured article. But to the great credit 
of the motorcar makers it must be said that they fell 
that perfection had not been reached, and by mean'. 
of research and by giving careful attention to engi 
neering and to the criticisms of the public have pr^' 
duced the 1940 motorcar, superior to its 1Q20 i)rot<' 
type iti four wheel and hydraulic brakes, electii' 
lighting, self starting, streamlining, tyres, ability l 
hold the road, speed. As collateral development^ 
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llicre are the ^ood roads. Who would now l)uy a 
i()2o car or be satisfied with the i()2o roads? Sho\ild 
not the same idea hold j^ood in health unit work? 
One could take ui> an activity, study it, discuss it, 
try out the new idea, accept or discard it as needed. 
Who knows the ])roper interval bewoeii clinics, the 
niosi satisfactory infonnatit)n to collect in surveys, 
:m adetiuate method of obtaining correction of the 
defects found in school children, the best approach 
to tuberculosis and venereal diseases control, the 
iiinoiint of training required for the medical officer 
of health, and puldic health nurses, the standard 
liealth unit i)opulation, the relation of the public 
health programme to the whole needs of the anw- 
munity ? Where are these answers to come from ? 
Tliey Clin come from those who are actually doing the 
work in the field. It is i)ossible to set certain tasks 
for study, to prepare the forms, to collect the data, 
to analyse it, to draw conclusions from it, to imt the 
conclusions into practice. Inspections which l>riiig 
out such points for discussion are the inspections 
wliich have value. 


Pkrmanknck 

The thought has no doubt occurred to many of 
you as to the place the health unit will occupy in 
tile health organisation of the province after a period 
of five or more years. What will be its ultimate 
fate ten years hence when its itiitial jnirpose has been 
accomplished? Since the health unit idea was not 
known in India ten years ago it would not be prudent 
to try to foretell its i)osition ten years hence. It 
uiuild be a rash person who would venture to make 
a dogmatic statement in TQ.p) in regard to the status 
of any public health jiroject in ig.so. The present 
trend is towards increasing the number of health 
nuits in India. The matter of increa.sing the miml)er 
m any single state or province rests uimui the public 
health policy of the state or province concerned. 

The question has often Ixien raised in respect to 
the advisability of moving the unit to a new location 
:'ltcr a five year period. The motive behind this 
"aggestion is commendable. It indicates that the 
'■>ork has lx;eii appreciated and connotes a desire that 
benefits ought to be enjoyed by other communities. 

^ 'It would the method suggested, that is, moving it, 
hiiiig this about? If the unit were uprooted experi- 
'cc has shown that it would take nearly five years 
^ ’ get it settled elsewhere. A health unit is not a 
'htable place for training until it has had three years 


of operation to consolidate its methods. If this pro- 
cedure of ])eriodic moving is followed health unit 
standards and principles would .soon be. lo.st and 
training facilities would be non-existent. A more 
suitable method would be to permit the unit to re- 
main ill its original location and to send staff members 
fnmi variinis pruts of the province to the unit for 
training. On retuniing to his area the staff member 
could develop bis work on health unit lines so far 
as personnel and budget made this possible. 

To arrive at something more definite it would be 
well to review the purposes of healtli unit work. 
These have been stated in lu'iiit to be as follows : 
(a) To carry out sound health work <jf all types in 
a selected area ; (b) to set up a model organization 
which could be closely studii-d by olficials and tech- 
nical visitors ; (c) to demonstrate modern methods 
of luactical ai)proach to health problems which might 
be applied generally ; (d) to develop a field training 
centre fur all grades of public healtli ])ersoiinel in the 
department. 

If none of these objects have been attained the 
work should not be continued a single day after that 
point had been estal dished. Assuming that the 
health unit has been properly organized, properly 
.staffed and directed, and lias been successful it is 
po.ssible to a.ssert that an organization for carrying 
out sound health work in the selected area has been 
develoiied and is still functioning ; that an organiza- 
tion has l>een set uj) which has met the reciuiremeiits 
of government officials and has been a .stimulus to 
technical visitors from home and abroad ; that this 
organization has opened up new avenues in dealing 
with public health problems which are practical for 
the province as a whole, and that a field training 
centre for all grades of pcisoiiiiel in the department 
has been estaldished and is in u.sc. Would it be wise 
to move such an organization ? 

The first health unit if carefully selected and 
developed .should be made at the carlie.st possible 
date a permanent part of the provincial jmblic health 
depailineiit. It .should remain where it is ; its roots 
should not be disturbed. The need for it as a train- 
ing centre will increase each day. In that capacity 
it will serve as a field laboratory for testing out 
method.s, procedures, and technics lx:fore api)lying 
them to the country as a wliole. Ry pursuing this 
plan it will be found out in advance whether or not 
it would be worth while to set up a province wide 
public health programme on any particular subject 
without investing large sums to gain this knowledge. 
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It is thus seun that the ultimate primary function of 
the first cslahlished health unit in a province is its 
use as a school for ^ivin^ practical field training’ to 
the public health personnel (medical officers of health, 
health visitors, sanitary inspectors, niidwives) of the 
department. In such a capacity it must be 
I'crmaiient. 

It has lH?en stated that So per cent of the people 
of India live under rural conditions. Althou).»h one 
is aware of the serious and often deplorable public 
health problems which await solution in many of 
the lar^e cities in India yet one does not hesitate 
to say that the public health problems of India which 
require most attention are found amon^jst that So 
per cent of rural population. To (piote from a pre- 
vious article, in rural areas. 

The means of raisiii]^ revenue are oftt'ii iim^alis- 
faet(»ry ; the distanees to tu* traversed are j^^rval ; 
nuinieati«)iis are fre<iiientlv had ; and tlic general 
eflueational, linaiieial, sanitary levels are low. V)n the 
other hand, rural areas eoiiiain the greatest miinher 
of people and as they are the main sources of wealth 
of the world their sanitary enviroiunental conditions 
should he promoted. 

vSince these words were written in it should he 
added that all pul.)lic health problems, as well as 


sanitary environmental conditions, should be pr . 
moted. Kxiierience has shown that the health m, : 
sy.stein will aid in developing lx?tter public heaMi 
conditions in rural and semi-rural India. 

You have now had described to you some of li., 
factors relating to health unit work in India in iq| , 
You know the general setup and you have Ik, i 
made aware of some of the details which are cun* 
sidered to be essential for success. You have hejii.l 
a recommendation for permanency. The time li.u 
now come for an ajipraisal of the work. Are tl). 
present standards suitable or are new slandai.U 
desired? Are its capacities to be enlarged <.i 
decreased? Are its functions to be changed? On 
some of you who are now listening in this room iii:i\ 
rest the responsibility of descrilnng the health ii'iii 
system as it is found in India when the year 
appears on yonr calendar. 
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Research Notes 


Bio-synthesis of Vitamin C 

A CAPACITY for synthesizing vitamin C is 
(.\ i(lciitly coininon to all the higher plants and to all 
tile animals that have been studied hitherto, except 
i',uinea pigs, man and other primates. Simi)ler types 
of organisms such as bacteria and yeasts also have a 
I’.'ipacily for synthesizing the vitamin, ft has nf>t, 
however been possible to demonstrate clearly the 
iiiitiire of the substance or sultstances and the 
iiKohanism involved in this synthesis. 

In order to throw some light on this problem 
King and his associates have conducted a scries of 
investigations, results of which have been enilx)died 
in seN’eral communications. In a recent paper 
(II. F. Longeiiecker, IT. H. Frickc and C. G. King, 
Jour. lUol. Choni., 407, IQ40) they have shown 
tli.il scN’cral new .series of compounds arc as active 
ii] stimulating ascorbic acid excretion as the terpeiie- 
like cyclic ketones on which they had reported in 
piewious communications (Ibid., i2()'i^o, 437-45.^1 
These new active substances differ greatly 
ill chemical structure but they have a common 
eliaracteristic, namely that they function as nerve 
deincssants. Among the most active compounds are 
four series of anaesthetics and two antipyretics. 

These data considerably extend the number 
:md lyjies of molecular structures which ])ro<luce 
accelerated ascorbic acid synthesis. The authors 
l"Miu out that the va.stly increased excretion of 
ii'^corhic acid which follows the administration of 
I hen: substances, make ii improbable that they are 
<liiect precursors of the vitamin. The data are said 
to point rather to a jirobable stimulation of the 
SMitlie.sis of ascorbic acid from some unknown meta- 
halites by these nerve-depressants. 

S. K. 

The Intracellular Inclusions of Some 
Virus Diseases 

IntracklIvUi.ar inclusions have not been found 
’I all virus-in fected plants, but these are found to 

'Ittite common in some of them. Their produc- 
h n depends more on the nature of the infecting 


virus than 011 the species of the iilant infected. For 
example, they have been found in a number of 
different sjiecies infected with tobacco mosaic virus, 
but not in anv of the same species infected with 
potato virus Y or cucumber virus i . Tt is not 
ilnubted that they are formed as a residt of virus 
infection, but different workers have held widely 
divergent views as to their nature and significance. 
Some have regarded them as amoebae or as stages 
in the life-history of a causative organism, to which 
names haw occasionally been given, while others 
have regarded them simply as masses of coagulated 
cytoplasm . 

Ft has l.)een found that plants infected with 
certain virus contain proteins not present in healthy 
plants. These proteins have the characteristic pro- 
perties associated with the different viruses. Changes 
in them result in loss of infectivity, and it is highly 
])robable that they are the viruses themselves. 

The greatest difference between a healthy and 
an infected cell is the formation of the characteristic 
inclusions in the latter. In 1003 Iwaiiowski des- 
cribed two main types of inclusions in tobacco 
mosaic jilaiits, one consisting of aiiior|»hous material, 
later named \-bodics by Goldstein (1024) and the 
other fiat crystalline plates, 'flic three strains of 
lolm'co mosaic virus, viz., those causing common 
tobacco mosaic, Fnatinn mosaic, and Aucuba mosaic, 
have been studied by Hawden and Sheftield (Atnt. 
Ipbl. iiiol. 2h, T02, All of them cause foima- 

lion of the two kinds of inclusion. No significant 
differences have been found between the crystalline 
inclusions produced by the three strains, hut the 
amorphous l)ody of Aucuba mosaic differs in some 
resjiects from those of toliacco mosaic and Knation 
mosaic. 

The amorphous bodies of all Ibree diseases are 
relatively stable entities, arc preserved by ordinary 
cytological fixatives and give all the usual protein 
reactions. They average about 10-30/4 in 'length, 
contain vacuoles, chondriosomes, and oil globules, 
and as they are carried round the cell by the 
streaming cytoplasm they frequently change their 
shai>e. 
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The crystalline plates tnay occur in lar^e niini- 
bcrs cither alone or in the same cells as harlx)urin>? 
the amorphous Inulies. They are best examined in 
fresh livin!4 cells, because fixation destnjys them or 
causes the formation of numerous striations. hike 
the amorphous bodies the plates give protein reac- 
tion, but they are extremely fragile and either 
disappear or idter in ai>pearance if the cell is injured 
in any way. They are true crystals with a three 
dimensional rc.eularity, and as they slowly move 
around the cell and lurn over, they show both side 
and end faces. W’heii seen in the basal plane some 
l)lates are re.eular hexa.eoiis, with all their angles 
120°. The authors note «)ne imi)ortant dilTerence 
between the artificial comi)lexes produced with the 
purified viruses and the intracellular inclusions, the 
former are paraciyslalliiie whereas the latter are 
true crystals. 

It has been shown that insoluble complexes of 
the viruses with protamines, histones and proteins 
which in many ways resemble the intracellular 
inclusions can be prinluced in vitro. Possible ex- 
planations for the formation and disai)i)earance of the 
inclusions in infected plants are sivegested in the 
pai)er. 

In tobacco and all other vSolanaceous plants 
infected with severe etch virus, two kinds of intra- 
cellular inclusions have been found by Basilios 
Kassanis (J«a. .!/’/>/. Biol., 26, 705-0, 1950). One 
is an amorphous cytoplasmic inclusion which has 
been described in many other virus diseases of 
jdants. The other is an intranuclear inclusion and 
appears to be crystalline, havin;* the form of thin 
rectangular plates. The simplest method for 
differeiitiatiii}; the intranuclear crystals is to mount 
an epidermal stri]) in an atiueous solution of eosin. 
The best method for slainin.i» fixed preparations is 
that of Kull, usiiii^ acid fuehsin, toluidin and 
aurantia : the crystals and the nucleoli stain red and 
the chromatin blue. With Ileidenhains haemo- 
toxylin the crystals stain black, and when placed in 
solution of iron alum they retain their colour lon.^el 
than any other of the cell contents. 

A. B. 

The OtiliSStjon of Carbon Dioxide in the Synthesis 
of a-ketoglutaiff Acid by Pigeon Liver 

Tiik proicsscs of al)h\”''ption of c’artK>ii dioxide 
and tlic manufacture of 

water in presence of snnlif-lit clilorophyll con- 

tainiiiK ' veKefat)le tissues lia^’*^ 

This has si> Iouk l)cen the only >"<-‘chanisni in Hvinj? 
cells where carlron dioxide is utn!^^'*^' 


It has l)ecn recently reported by Kvans am' 
Slotiii {Jour. Biol. Chem. 136, 1940) that carbon 
dioxide is also assimilated by animal tissues. The\ 
have .‘;hown that pijrcon liver can synthesise fi-kct«) 
ftlutnric acid from pyruvic acid in presence of bicai 
bonate medium (pH 7*4) in which the bicarbonatt 
had been prepared from radioactive carbon (C,,: 
obtained by the l)ombardinent of boron will, 
deuterons. 

KetoKlutarate was preciiiitated as the 21 
dinitrophcnylhydra/.onc. The precipitate afUi 
thorough washin}^ with 10 per cent. liCl and dryiii j 
in vacuo, melted at 222^ (iincorrected) and showed 
no de]>ression of the melting point on bein^^ mixed 
with a sfimple of the hydro/one. The substance was 
intensely radioactive and contained alxiut 3 j.er cent, 
of the added activity. 

Since pij.»eon liver has been found to synthesi/e 
fi-keloi'lutaric acid from oxalacetic acid jdus pyruvic 
acid, the data surliest that carbon dioxide combines 
directly with pyruvic acid to yield oxalacetic acid, 
the latter then combining with an additional molecule 
of i)yruvate to build a-ketoglutaric acid. 

l\ K. S. 


A New Dietary Essential for the Mouse 

Rvrs and chicks have been extensively used in 
connection with experiments on the vitamin B'Cnm- 
j)lex but surinisingly enough mouse has not been 
used for such studies. While experimenting willi 
mouse, 1 ). W. Woolay reports {Jour. Biol. Llo'ni., 
1940) that a synthetic diet, which is adequate l<i 
maintain rats in a normal condition, is not sufficieiii 
to keep mice in a healthy and normal condition. 
Young mice soon cease to grow and hair on tlu- 
entire body, with the exccidion of the head and tail, 
fall out leaving the trunk naked. Soon sores appear. 
The mice become hyperirritable and muscular inco- 
ordination develops. Unless stmie active conceiitral'' 
is given the mice die within 2 to 3 weeks from 
the onset of the symptoms. Muscular inco-ordinatioii 
was cured l)y feeding a norit eluate of the alcohol- 
scduble fraction of liver extract. This eluate how- 
ever fiiiled to cause the growth of hair. The most 
active source to cause the growth of hair was tin’ 
fraction of atiiieous liver extract which was insohihU’ 
in 70 per cent, alcohol. The active substance is nou- 
dialysalde and has not been identified with any i»u - 
viously described vitamin. 

A. K. 



BOOK REVIEW 


Organisers and Genes -Iw Dr C. H. \V M>i>ixr,ToN. 
Published by Caiiibridj^e l-biivcrsity Press, 

Pfy. x-hi6()-\-2 plates and 15 text-fii»ures. Prirc 

13S, 6d. 

'Pile new science of experimental embryoloj^y, 
tlic foundations of which were laid Iw ITis, Roux, 
He^l\^iR, Driesch, Ilerbst and others in the latter 
jKirt of the nineteenth century, has accumulated a 
vast body of facts, and bioloi^ists are now busy in 
sifliii.^ and analysing this material so as to be able to 
foriiiulate .general i)rinciples. Dr WaddiiigtoiPs ex- 
iclleiit manual is a t'ontributioii in this direction and 
provides a synthesis between genetics and dcvelop- 
iiu'iilal tiiechanistn. 

Students of embryology are familiar with the 
fuet that soon after the cleavage of the fertilized egg 
kiidiiig- to the blastnla stage, developmental processes 
set in, which, broadly speaking, lead to a visible 
differentiation of the einl^ryo. This early differentia- 
tioii ineludes the formation of the rudiments of the 
iiciind tube, the notochord and the somites. Differ- 
Liitiation, at first morjdiological and histological, and 
Inter functional, is, in fact, the essence of the 
(Uvelf>i)ment and growth of the embryo. What is 
tlu- enusalive agent of this differentiation occurring in 
the eniI)ryo just at this particular lime? In rorS 
linns Spemann discovered that the dorsal lip of the 
l»hisloin)re in the Amphibia <lelermincs the i)Osilion 
the a.xial structures, and later Spemann and 
•Mangold (io2.p;j5) dcmoiistraled that the dorsal lip 
doc.', more, it itself induces the ditTcrcnliatioii of these 
nx'inl slructuies, and they, therefore, designated it as 
Ur “firganiser”. 'Phis basic discovery of “orga- 
has oi>eiied a new field for research and 
nheadv the concept has been extended to other groups 
of oigaiiisms the priimtivc streak is the 

oigaiiiscr in birds), and to other stages of develop- 
iiuiii. Further analysis has proved that the position 
ol tile dorsal lip of the blastopore is determined by 
tint of the grey crescent, and the latter by the point 
ot ^1 '1 1111 -ell try. Thus we are now able to understand 
111.111, processes of development which were previously 
"Iisuire. 

In analysing the organiser action. Dr Waddinglon 
iiin L', a distinction between the two-fold action of an 

7 


organiser and calls llu* inducing acli»m as such a^ 
“evocation”, and tlie determinaliou of its lugioiia* 
character as “imlivithialion”. Ihil the main thesis »>f 
the book is to obtain an understanding of the 
mechanisms invoKed in differentiation from a consi- 
deration of iniil hereditary factors nr jjcucs, which 
have been postulated by the biilliant researelies of 
Morgan’s school of genetics. In suecessi\'e chapters 
the author deals with the nature, (plant itiuN and kinds 
of the substances i>roduced by the genes, the localisa- 
tion of gene effects, the pattern effects of geiies, the 
temporal c'ourse of gene reactions, evoi’alor-compe- 
leiice reactions, moridK^-geiietic moveiiieiils, and 
growth in relation to the organiser plieiiomeiia. The 
last chapter on the theory of organisation deals with 
the concept of fields, esseiilially an advance in metho- 
dology, cranpleinentarity, and the relation of science 
with philosojiliy. 

The important part play(.<l by the genes in 
controlling the processes of developiiieiit and differ- 
enliation is fully brought out by a judicious marshall- 
ing of the large I)ody of experimcnt:il evidence, and 
the author is to he congratulated on the production of 
a handy volume mi the subject, following his ex- 
cellent l>ook on } 1 oiicrn (leni ties imblished only last 
year. 

K. N. B. 

A Text Book of Sound for B.Sc. Students -- 

by k. N. r,ii(»sii, D.vSe., Reader in Physics, 
•Allahabad University, and R. \. R\i, M.Sc., 
Lecturer in Physics, Allahabad University. Pul)- 
lislied by the Indian Press, .Mlahabad, h).]o. 

.S5.-) willi 200 diagrams and 16 tables- 
l^ricc Rs. 5. 

Xo one would venture these days the statement, 
‘all (of acoustics) is in Rayleigh’, and yet it was 
considered to l>e a truism not many years ago. It is 
radio (and perhaps also war) which has directly or 
indirectly brought into being much of what may be 
called modern acoustics, and iHtingly the opening 
sentence of the new text lM)ok of sound by l>r R. N. 
’<'.liosh and Mr R. X. Rai reminds us of it. The 
senior aiillior, who is a teacher of wide experience, 
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lias been an untiring investigator of the subject he 
deals with in this b(X)k, and a book l)y him cannot but 
l)e, and as a matter of fact, is up to date, and the treat- 
ment is' within the reach of those for whom it is 
intended. Dr Oliosh has been forlunale in having 
Mr Rai as his eollal)orator, who, though not so 
widely known, is esteemed liy all who know him for 
his clarity of ideas and grasp of fundamentals. 

The authors have succeeded in producing an 
excellent text lM)ok on .souinl for IkSc. classes. The 
reviewer consklers that no other text (of B.Sc. 
standard) on this subject can supersede it. And all 
this can !)e said in spite of a few oversights which are 
to be found at some plac\‘S. On page 02 an otherwise 
clear discu.ssion is vitiated by the statement that 
(a) is independent of time, which it is not; on page no 
power is confused with energy (.s7r) 10 micro watts 

or TOO ergs.; the units should have been stated in 
giving the numerical values of the quantities on 
pa.ges 64, 93, gS; the statement about transverse* 
Doppler effect on page 1 1 1 is distressingly vague and 
the quotation from Barton left unex]Tlained ; but such 
oversights do not cs.sentially detract from the v«alue 
of the book. They will easily be corrected in the 
second edition when opportunity undoubtedly would 
also be taken to improve some of the figures and the 
luinting at some places. 

The book is divided into nineteen chapters and 
has at the end twelve pages of mostly university 
(juestions. It describes acoustic impedance, valve 
o.scillatnrs, talkie, total reflection of sound, Raman’s 
theory of Ixiwed strings, and gives life-sketches of 
the great investigators in acoustics. It appears that 


nothing of any importance has been omil'Mi 
(Fletcher’s auditory patterns may be included in ; 
second edition) . 

The reviewer considers the book to be on lu- 
whole a very valuable one, and the authors descM^ 
to be congratulated for producing such a useful nd 
entertaining text. 

D. S. K. 

Symmetric Functions in the Theory of Integral 
Numbers — by ITanskxj (iUi*t.\. Lucknow f iii- 
versity Studies, Faculty of Science. No. XlV, 
Pp. 103. Edited by li. vSahni, Sc.D., F.R.S 

In this book is embodied a short course -li 
lectures on the theory of integral mimlKjrs delivi ud 
l)y the author at Lucknow University, in which in- 
ve.stigations made by the author himself have 1 j».lij 
also incorporated. Other names may be ineiitioiioil 
in connection with the line of work done hy tliv 
present author: S. Ramanujan, B. B. Datta, A. N. 
vSingh, 8. 8. Pillai, N. B. Raju, N. Rama K;u), 
Ilcmraj and a few others, including the Cliowl.i 
brothers. The hook is devoted to only four chajdeis, 
hut the fniulamentals have been presented nicely ;iin1 
concisely. In this hook many important theorems 
have l)een dealt with, viz,, those of Fermat, 
range, Wolstenholine, Wilson, Lcudesdorf, Oaiis^, 
Von vStaiidt and Bauer. The book, we have every 
reason to believe, will provide very useful nidiiiieii- 
tary material for a study of the theory of luniiheis 
to those interested in the subject. 

K. B. 



Letters to the Editor 


Fairy Rings of Mushrooms in Calcutta 
and its Suburb 

Fairy rings have been figured in many advanced 
icxt-books of mycology of Kurope, America, Austra- 
lia, and Japan, with photo-prints. In July and 
August, 1910 a wide fairy ring (35 ft. in diameter) 
nl edible I.ycoperdon was found in the lawn 
(.n the southern side of the Herbarium of the Royal 
liolaiiic (rardeii, Sibpur. It had a bare zone at the 
leiitre followed by two stimulated zones (here the 
grass was tall and dark green) on either sides (Fig. i) 
cNleiidi ng over 1.2 to i<S inches. The soil below the 
sm-face of the central part of the ring was full of a 
network of hyphae of hycopenion which resembled 
very fine strands of cotton while the subsoil on two 



Fig. 1 

1‘0 A portion of the fairy ring found in the Royal 
Botanic Garden, Sibpur, with fruit-bodics of 
Lycopetdon. 

'.!>) A fruit-body of Lycopetdon, 

'fies was almost devoid of any hyphae. Another 
firy ring of Lycopetdon with a diameter of 20 ft., 
c'urring on the maidan in the eastern side of the 
1 ort William was noticed in September by Mr S. N. 


Baiierji of the botany department of Calcutta 
rniversily. Prof. Buller in his ' Rcsi mehes ou 
VtAn^V , (Vol. 2, pp. 365-.>bb, 1922) has recorded from 
California (C. vS. A.) a very big fairy ring of piifilialls 
{Lyroperdon) with a diameter of 21 1 ft. enclosing 
a number of smaller rings of Rsallioiit iiinipcslris 
within its boundary. 

Roots of grass from four spots on tlie fairy ring 
of the Royal Botanic Garden, viz., tlie area inside 
the ring, the ring itself, and the two sides of the ring, 
were sectioned and examined under the microscope. 
vSeveral si)ecies of grass were found growing in the 
area, viz., Chrysopogon aciculalum Trim., Paspalum 
scrobiculalum L., PaspaUdium jlavidum A. Caniiis., 
Setaria glauca Beauv., FimbrisLylis dichotoma Vahl., 
KotlbocUia comptessa binn. f. etc. Roots of grass from 
the region of the ring showed numerous vesicular and 
arbiismilar hyphae in their cortex without any clami)- 
coiniexion while those from the other tliree regions 
were remarkable for their scanty hyphae. .V fungus 
was isolated in pure culture from tlie roots of the 
grass growing on the ring. It took deep stain with 
cotton blue and lactophenol. The mycelium was 
septate and branched and produced several spirals. 
It was found to be almost identical with the “harm- 
less endophyte” described by Miss Sami)Son\ She 
isolated a similar fungus from the leaves of 
Lolium ptitenne and provisionally named it as the 
.second emioiihylic fungus of L. peronne. liiociila- 
Jioii-experiment on grass roots was carried out 
with tliis fungus hut it seemed to jiroduce no ill 
effect on the grass so treated. Thus, we may hold 
that the intracellular hyphae found in the cortex of 
the grass roots belong to a harmless endoi>hyle 
not connected with the formation of the fairy ring. 
Ill August, numerous fruit-bodies of Lycopetdon sp. 
appeared on the bare zone in tlie ring ; the soil lx?low 
the bare zone was found to be packed with a vigorous 
network of hyphae of Lycoperdon, these hyphae 
developed in the soil without entering into the roots 
of the grass. Owing to the presence of the hyphae 
rendering the ground impervious to water, the 
vegetation suffered and thus arose a bare zone. In 
September, the bare zone was followed by a dark 
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.uroL’ii /.one of .i^rass no loiiK'-r slio\vin^»' any foniialioii 
of frnit-lxKly of Lycnpcnlon ; this dark /.one was 
associated with de.e.eneratin<' niyi'eliiini inside the soil. 
Tile soil- from this area, tested eheinieally, showed 
jiresence of aniiiioiiiuni salts. Tims, the hare zone 
was eveiiliiallv reeov'ere*! 1>y the liheralioii of iiitro- 
Keiions inateiials leadini^ to the stiinulalion of the 
.erass in the area. 

Kiie.i^ei " lias mentioned three types of fairy rini;s, 
viz., one with a central hare zone followed by two 
.slininlaled z<ine^ on either sides, another with a dark 
^^reeii /oiie, and a third in which no effect is visible. 

I am i^iatefid Or K. 1*. Hiswas, the superin- 
tendent, and Dr S. K. Mukherjee, the curator of the 
Herbarium of the Rtwal Botanic (lardeii, Shibpur, 
for kind hel[) in this work. 

Carmichael Medical College, A. B. Bose 

Calcutta, 14-1 

• Sampson, K., 7'nm.s. linl. inycol. S(n\, 21, 8t, 1038. 

* Kric-^er, b. C. 1.'., lUc Mu.'<lirooni ITamibool:, .New 
York, 1036. 


Meteorite in Ajmere 

A most extraordinary meteorolo.gical i»lienomenon 
occurred at about q-jo on the night of the 7th 
September, igt^. .\ meteorite of unusual size and 
brilliance shot across the sks' right overhead of us 
from east to west throwing out sparks of wliite light 
in profusion on either si<le of its da/./.Iing tiail paling 
the electric lights all round for a few seconds. It 
appeared to come rlowii in a big curve, and as it 
neared the horizon, its head turned reddish and the 
streak behind bluish green. There was a thud like 
that of distant gunfire and a low roar for about .1 
minute. I'he phenomenon was distinctly \isible at 
several stations in the district as 1 have been iy- 
fonned. Even people enjoying a circus show at 
Beawar .32 miles vS.W. of Ajmer, were attracted by 
this exciting object, and hundreds living in the open, 
in a Famine Relief Camp saw it. All declare that they 
never saw the like of it in all their life. Probably 
some of the villagers in Marwar living on the borders 
of Ajiiier-Merwara, will be able to locate it. 

The present writer will lx* glad if soiiieljody could 
enlighten him about this plieiiomenon. 

Husband Memorial 
High School, 

Ajnicrc, 23-11-40 A. N. David 


A Prejiminaiy Note on the Isolation and Patho. 
genicity of Acrothecium lunatum Wakker and 

Helminthosporium tetramera McKinney 
on the leaves of Oryza aativa Linn 

Various authors have investigated the fuu.i 
causing di.seases of rice plants in dilTercnt |)arts -.i 
the world. Extensive researches are still being (h. 
in India also. While examining materials of n. l 
plants glowing in the paddy fields of the Agricidlu:,il 
Research vStation at Chinsiirah and of Burdwaii, 
Bengal, the authors noticed the occurrence of Hk- 
following .species of fungi. Most of the fungi so lar 
isolated from paddy are recorded in 'The Funj^i ai 
but so far as the authors know there is 
no published record as regards the pathogeiiicily ot 
these fungi on the leaves of paddy, allliom^i 
Acrothreium lunalum Wakker has lieen isolated fntpi 
paddy-held-.soil from Burma (Khiiid) and from lea\».s 
of other flramineae. The present note is a pivlimi- 
nary account of the work done so far. It is inleiidal 
to publish a more detailed account later on. 

Acrothecium lunalum Wakker 

This fungus was isolated from paddy leaves 
brouglit from the paddy-lield of Cliiiisurnh in the 
month of July, ig3y. The leaves, as collected in the 
held, were (jnite yellow showing a few brownish 
streaks. But, later on, small brownish stivak^ 
appeared in iiatches 011 the laminae. Small 
of tile infected parts were isolated following l)a\ks’ 
method'’. The cultures were kept in diifu.sed light 
and at room temperature. On the fourth day of iii- 
oculation, characteristic cottony fungal growth \\'.\< 
obtained. Subseijnenlly sub-cultures were made and 
in every case characlerislie cottony growth stalled 
within 12 hours, each case, the mycelium was 
dull grey in colour at first, but finally, with the jiro- 
duction of conidia, the whole surface of the slant was 
covered with blackish brown mass. The conidia 
measured about (21 fi — 24*5 /a) x {q jul — 12 /d. 

Several successful inoculation experiments weic 
made on the iinwouiided leaves of rice plants by 
spraying conidial suspemsions and the pathogeiiicily 
of the fungus was thus proved. The streaks Hint 
were formed agreed in appearance wdth those foiunl 
in nalure. Re-isolation of the fungus was made b'l' 
confirmation. The controls remained healthy. 

Helminthosporium tetramera Mckinney 

This fungus was isolated from paddy-leaws 
collected from Burdwan in 1939, and the cultiu-s 
were kept under the same conditions as before. 
Growth of the fungus appeared within 48 hours of 
inoculation. 
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In order to prove the lithogenicity of the fungus, 
a si)ore suspension was sprayed over a nuinhcr of 
healthy rice plants, while several of them were kept 
as controls. After alxiut a week, the sj^rayed plants 
developed yellowish brown streaks in patclies on the 
laminae, while the controlled ones showed no such 
sir'll. 

Re-isolations were made from the newly infected 
parts in the same- manner, and under identical 
conditions the same results were obtained. The 
fungus when examined exhibited typical conidia of 
//. lei ram era Mckinney. They measured about 
27;*) ( 6’5 /*— 9*5 /^)* 

Specific detenninatioiis of these two fun^i were 
confirmed by Dr M. Mitra of the Imperial Agri- 
cultural Research Institute, New Delhi, to whom pure 
cultures were sent for the T>^in><>se. The authors* 
best thanks are due to him for this. 

Lastly, the authors wish to record their deepest 
esteem and sincere thanks to Mr S. N. Iknerji, under 
whose guidance the present work is still being 
conducted. 

Department of Botany, 

Tniversity College of 
Science, 

Calcutta, 26-H-1940. 

‘ Puller, K. J. Bisby, G.R. — Fungi of India, The Imp. 
Council of Agricultural Res. Sci. ^Ionoj»fnpli No. I, 19.^1. 

“ Mundkur, B. B. — Do supplement I, Sd. Monograph 
No. 12, 1938. 

" Davies, F. R.— Canad. Jour, Res., 13, 168, 1935. 


Fasciation in the Female Inflorescences of 
Morus indica Linn. 

In course of field work, the writer came across 
four fasciated inflorescences and infructescences of 
different types. 


In a grafted tree (provisionally marked No. 7C.) 
a case of fasciation in the female inflorescence was 
observed (Fig. i.a). The length of the inflorescence 
is 13 cm. with the peduncle 5 cm. long. The indi- 
vidual florets are sessile and pressed together as usual. 
Kach has 4 sepaloid tepals and a syncarix>us pistil. 
'I'he ovary is unilocular by abortion, uni -ovulate, and 
has one style with two arms. Fasciation has taken 
place at the top of the peduncle where the in- 
florescences are joined together. 

In the same tree two other fasciated infructes- 
cences were found. Here the lower ])ortions of the 
infructescences had united to form a thickened 
structure, the apices being however free (Fig. i., 
b is: c). The infructe.scences are 25 cm. and 22 cm. 
long with the peduncles 5 cm. and cm. respectively. 

In another i)lant (provisionally marked Kurseong 
No. 15) another case of fast'ialion in the female in- 
florescence, very like that of Fig. 1. a, was observed. 
The length of the inflorescence is 10 cm. (Fig. 2). 
The i)eduncle is 8 cm. long. 

liuonocore' examined many varieties of the 
mull)erry and found some cases of fasciation (of 
different types) in the female itifloresceiiccs and 
infructescences of the variety Moreltiana ( = M. alba 
morclii Scringe) only. The writer however has 
observed this phenomenon in other varieties of 
Morus indica Linn, but not in Moreiti. 

The follow'iiig view's have been exi)rcsscd re- 
garding the cause of fasc’ialioii. 

Plot, as referred to in Masters*, considers 
fasciation to arise from the ascent of too much 
nourishment for one stalk and not enough for two. 

WorsdelF slates that fasciation is often due to 
the flow^ of superalmndaiil nutriment to the organ 
affected. He cites experiments of artificial nutrition 
thereby inducing fasciation. 

Miller* records that recently it has been found 
that certain definite carlxm and nitrogen relations in 
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Fig. 1 u — Fasciated inflorescence, xl. 

Fig. 1 (b & c) — ^Fasciated infructescences. xl. 
Fig. 2.— Fasciated inflorescence, x 1 . 



426 


Science and Culture 


Vol. VI, No. 7 


the plant influence its response in regard to vegeta- 
tive growtli and reproduction. This relationship of 
the carlxnj and the nitrogen conteJits of the plant has 
come to be expressed as the “carlx)n/ nitrogen ratio*'. 
Fisher‘‘ reports that the vegetative condition was 

characterised by a carl)ohydrate content relatively low 

0 

in proiK)ition to the nitrogen or by a low ^ ratio; 
whereas the reproductive condition was characterised 
by a carbohv(lrate content relatively high in i)ro- 

portion to the nitrogen content, or by a high n 
ratio. It is thus evident that excessive frnit-forniatioii 

takes place when the n’ ratio becomes very liigh. 

Last year (March, 1940) the writer observed 
excessive fruit-foriiiatioii in these trees possibly due 
to the high 'n' ratio along with cases of fasciation. 
He is therefore inclined to ascribe fasciation to the 
excessive flow of sugary saj) into the reiiroductive 
parts and support the views of Plot and Worsdcll. 

In conclusion, the writer washes to express his 
sincere thanks w’ith gratitude to Mr S. C. IMitter, 
director of iudiistries, Mr C. C. Ghosh, deputy 
director of sericulture, Bengal and Dr vS. P. 
Agharkar, head of the department of lx)tany, 
Calcutta University for their kindly going through 
the manuscript and suggesting iinproveiiieuts. 

Sericultural Research Station, 

Narayanpur Colony, R. M. I>atta 

Diini Duni P.O., Dist. 24-Parganas, 

I -9- 1 940. 

^ Buonocore, C. -Fenoineni teralologici in Moms alba h. 
Anonialie dell, apparato sessuale, fioll. d. R. Slaz, di 
Gclsicol. e, liachicol. di Ascoli-Piceno,, Vol. XVII, No. 3-4, 
Pp. 3-19, 1938. 

* Masters, M.- Vegetable Teratology, Ray Society, 1868, 
p. 19. 

* Worsdcll, W. C.—Principles of Plant Teratology, 
London, 1915, p. 95. 

* Miller, K. C. -Plant Physiology, with reference to the 
green plant, p. 543, 1938. 

® Fisher, II. Ziir Fnige der KohlenNiiure-cniahrung der 
Pflanze, Gartenflora, f)5, 232, 1916. 


On Zoomeric Acid 

Zoomeric acid, A "-hexa-dccenoic acid found in 
cod liver oil as well as in oil from hump-back whale 
and the grey whale (of California) has been synthc- 
.sised from aleiiritic acid (obtained from crude lac) 
in the following manner : 

To ethyl aleiiritate (20 g.) in ethereal suspen- 
sion, a solution of phosphorus di-iodide in carbon 
disulphide, prepared by gradually adding iodine 
(34 ) to a solution of yellow phosi)horus (4.2 g.) 

in the dry solvent (63 c.c.), is slowly added, a few 
c.c.’s at a time, with constant shaking. The sticky 
mass which separates at first is kept overnight. The 
contents of the flask are poured into ice-cold distilleil 
water and the mixture extracted wdth ether. The 
ether-carbon disulphide layer is w'ashed successively 
with water, sodium bicarbonate and sodium thio- 
sulphate. It is then evaporated first under ordinary 
and finally under reduced pressure lx:low 5o°C. It 
tiistilled at 180^/3 in in. 

6 gins, of the above iodo e.ster (KthyI-i6-iodc)- 
A “-hexa-deceiioate) w^as dissolved in glacial acetic 
acid (50 c.c.) by slightly w'arming on the water bath. 
Zinc dust (13 g.) were then added gradually and the 
mixture heated on the oil bath at ioo°C for 4 hours 
and then at i25®-i3o°C for 2 hours more. After 
reduction, the mixture was diluted with ether aiul 
then filtered free from zinc dust and zinc acetate. 
The reduced ester was worked up in the usual 
manner with ether, and the ether driven off and dis- 
tilled, b.p. i7o®/ 6 m.m. Yield 3 gms. 

The ester (3 g.) was hydrolysed by methyl alco- 
holic caustic potash (10% solution). The Ix)iling 
')int of the acid obtained is 160^/4 m.m. Yieh: 
2 gms. (Found; C~75‘o%, H- ii’5%, C,«H3„0, 
reciuires C--75'5%, H-ii’8%). 

Palit Lalx)ratory of Chemistry, P. C. Milter 
University College of Science, M. Sen Gupta 
Calcutta, 7-T 2-1940. 
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Jute Research 


nnill{ Royal ConiiTiission on Agriciillnrc wliicli 
ruporied in ii)2<S were of opinion tliat the pro- 
likiiis of advancing agricultural research in India 
broadly speaking, be dealt with as a whole and 
iii.t ill sections. Hut with regard to jute they made 
iiii exception. The history of indigo was a striking 
illiistnition of the dangers that may beset a monopoly 
utip. They foresaw the possibilities of an artificial 
proiluct that may be discovered and placed on the 
iiiaiket at a price which will enalde it to replace jute. 
The Comniission therefore considered it most dcsir- 
;il)le that a Jute Conimittee which would watch over 
all branches of the trade from the field to the factory 
should be formed. In focussing the problems of jute 
industry on the public mind and drawing public 
.'ilUiition to the organi.sation iiece.ssarv for its scienti- 
Ik develo]mient this journal can claim some share.* 
A tier tiding over the great depression of 1929-30, in 
May, 1936, the (jovernmeiit of India decided to 
^.^lablish the Indian Central jute Committee on an 
■ill- India basis with headiiuarters in Calcutta. The 


t 'iiiiniittee has been functioning since February, 1937, 
"hun the inaugural meeting was held. The plan of 
lusi-arch “envisages continuous research over every 
of production, marketing and manufacture, 
111 ‘III the seed available to the cultivator to the pre- 
pai alien of the finished article, and also the provi- 
^’"'1 of an improved service of statistics and infonna- 
lion technical activities of the Committee 


J SciKNCE AND Cui,TURU, Vol. I, Di). 308-312 and 
i*b!-bb4, 1935-36. 


have been divided into four sections: (i) agricultural 
research, (2) tcchnologiial research, (3) marketing, 
and (1) statistics and information. Resides the 
annual iviioit for 193O-40 the Committee has brought 
out this year a Revinv of the work done iluring the 
l.Mst three years and a few months, from December, 
1936 to March, 19/10. 

'riie Agricultural Research Laboratories of the 
Committee are situated at the Dacc.a Central h\arm. 
The site ensures close and continuous co-operation 
between them and the agricultural department of 
the Government of Hcngal. It is a little over a year 
that research work on the agricultural side may l>e 
said to h.ave commenced in right earnest. Agricul- 
tural research on jute was first started by the fibre 
section of the department of agriculture as early as 
1906, and the research section as an essential pre- 
liminary to its research work has compiled a review 
of*all the |)ast work on jute. The section has under- 
taken experimental plot trials with a large collec- 
tion of varieties and types, which are being conti- 
nued to arrive at conclu.sive results. Investigations 
into the fibre structure have yielded data for estimat- 
ing the fibre content of a plant from examination 
of a slice of its stem under the microscope. Cultural 
trials have also been taken in hand. The three 
diseases, viz., (a) stem-rot, (6) chlorosis, and (c) black 
band of the stem are under study. That the infec- 
tion of the disease known as stem-rot reaches down 
to the surface of the seed and is also carried deep 
into it is an important finding made at the Com- 
mittee’s Agricultural Research Laboratories at Dacca. 
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A detailed survey of the pests of jute undertaken by 
this section showed that the jiite-apion, the jute- 
seini-looper, the hairy caterpillar and the indigo 
caterpillar were the most coninion i)ests of jute 
plant. Resistance of varieties to jute-apion was 
studied in some detail and certain control measures 
against the jute senii-looi)er and the hairy caterpillar 
were adopted with success. Two unrecorded pests 
were also observed. Jute scmi-l(^oi)er damages the 
top leaves, the indigo-caterpillar also strips the plants 
of its leaves and the hairy caterpillar spreads very 
(luickly on the leaves. Rut the jule-apion*s weevil 
lays its eggs in the stems and the grub out of the 
egg feeds on the bark and the internal tissues. The 
rd)re is damaged and gummy substance produces 
knot in the Hbre. t)n the prorluctioii side, retting 
of the jute plant is a very important factor, and the 
elTcct of the <iuality of water on this is under 
investigation. The relationshi]» between the stage 
of harvest and the time required for retting and that 
betwetai retting period and thickness of stem are 
also under (d)Sei vation. 

At the Committee’s Technological Research 
laboratories at Tollygunge, improvements were 
made in the techni(|ue of spinning yarn from small 
sangdes of fibre. As a result of numerous spinning 
tests, broad correlations between the strength, fine- 
ness and f1e.\ibility of the jute fibre, on the one 
hand, and the (|uaIity-ratio and the regularity of the 
yarn on the other are al»ut to be established. Work 
to correlate the ]>hysical properties of the fibre like 
strength, liiieness, flexibility, colour and lustre 
with the spinning (jiialitics and to indicate relation, 
if an>', with chemical constituents like nitrogen, fat 
ami wax, lignin, total cellulose and with moisture 
and ash content is proceeding. Long exjdoratory 
work on these lines regarding the particular pro- 
perties to look after has .suggested the above pro- 
gramme and the necessary apparatus and instruments 
have been piaxnired. In co-o]K*ration with the Indian 
Jute Mills Association, work on the moisture content 
of jute has been carried out and the results so far ob- 
tained indicate that it will not be long before agreed 
figures for the normal regain of jute are arrived at. 
As experiments at the Lalxjratories proved that sugar 
bags made of rosella cloth w'ere more suitable than 
those of jute from the ])oint of view of moisture 
absorption, efforts are being made to reduce the 
hygroscoi)icity of the latter. Experiments were also 
undertaken to find out if seaming twines could be 
made from jute to replace Italian hemp. 


The primary duty of the Marketing Section ( r 
the Committee was to complete a survey of conditio:. s 
governing the preparation for sale, marketing ar. \ 
transport of raw fibre at all stages from the haiif ^ 
of the growers to the Calcutta mills, pres.ses aii.l 
markets. This work was successfully carried out 
ami the first markeling repor’t was published early 
in vSepteniber. vSonie developmental work with r( - 
gard to grading and co-operative sale was also undei- 
taken during the period under review. 

As the unreliability of the official jute forecast 
bad lx;en a subject of comment for many years jiast, 
one of the /Inst ta.sks of the Indian Central Jute Coin 
mittce was to evolve a technique of forecast ])asi(l 
on the method of random-sampling. Accordingly 
small scale experiments were conducted during K)^;, 
IQ38 and 1039 h) work out the details of this mclluHl 
in the Statistical Laboratory at Presidency ColKgy, 
and to try them out on the field. As a resnll of 
three years’ itivestigalions, the technical ])robleiiis in- 
volved in this method a[)pcar to have l)een well-nigli 
solved. The first try-out of this method on a pw)- 
vincial scale will take place iie.xl year. 

The collection of reliable information on nil 
matters afTecting the jute industry including researcli 
and enquiry into the economics of jute lias beuii 
another important activity of the Committee and llic 
monthly Ihtllclin serves to give due publicity of 
these. 

The Rcvieiv points out that some fundanuntal 
work may require the help of university lalK)ralorics, 
w’hich includes the study of methods of distingui^li- 
iiig a jute fibre from a mcslha fibre in mixed yani^, 
examination of the mode of association of celhiloH- 
and lignin in jute and similar fil^res, botanical ami 
chemical diagonistic characters of Olilorins (to:"^ai 
and Cat^sularis (white) varieties and X-ray ]»lu'in 
graphic study of jute and similar fibres. Rewnlly 
distinguished scientists representing the Uniwi^iiic^ 
of Dacca and Calcutta have been co-opted 
members of the 'rccbnological and Agriciiltnial 
Re.scarcli vSub-ConiniitteCvS and we hope closer aii<l 
fruitful collaboration will ensure. It is desirable tliat 
a weaving section should be started along with tlie 
spinning one as early as poSvSible. The ultimate tlniie 
is the fabic and not the yarn, and until a y.un. 
pure or mixed, be woven into cloth, it is hahUy 
possible to judge its worth from the practical P" 
of view’. In our opinion, the Technological Rescaich 
Laboratories should have no restriction to 
their activities to the investigation of jute aloiit *■ 
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Alter il has completely organised its research 
a. . »arttiicnts, it might serve as a nucleus of a loiig- 
li! 1C research institute. Attempts should he made to 
|,:,.diice suitable mixed fabrics, with wool, flax, 
c. iloTi etc. Work should l)e vStarted to woolleiiise 
^.ic I)y suitable chemical treatiiienl and produce 
il.-if) winter clothing 5 or our people. (lermany pre- 
siiiiiably utilised much of her imported jute for this 
j,ui[)osc. In a poor country like ours, such winter 
clot lies will have a ready sale. 

On the chemical side vigorous attempts should 
l)c made to find out new uses of jute. If this be 
siuvessful, India alone will consume most of her own 
innfliiction and the present crisis will largely dis- 
appear. It is worthwhile to see if jute slick can 
pmtitably serve as a source of cellulose in pai)er- 
iiKiking and the like and if the jute fibre would be 
a siiital)lc raw material for rayon manufacture. 

Already while serious attempts are being made 
in other countries to replace jute l)y some other 
lilnes, several experiments carried out in recent years 
lM\e shown that jute in its turn can be used in place 
of other materials. A few examples may be given. 
An Austrian firm has discovered a good substitute 
fni metal, called “Jutex”, which is composed of jute 
ami artifleial resin. It is used for making coiilaiiiers 
ami for the manufacture of cog-wheels of all sizes, 
bite has been used by a Dundee inventor as one of 
tile ingredients in making syntlietic shiifts for golf 
chibs. Bitumen-proofed jute cloth has been used 
successfully in Cuba in covering pineapple planta- 
tions. Hessians, coated with paints on both sides, 
:ire also used. A German firm invented a method of 
using fire-proof jute fabric for lining roofs, floors and 
v\alls of houses. A South African farmer produced 
better (juality wool by clothing half of his sheep in 


closely woven hessian coals to protect their wool 
from dirt and severe weather. Jnte fibre, after proper 
activations, has consiileiable watei-softeiiing powers 
similar to those of Zeolite materials. Activation con- 
sists ill Ireatnicnl with dilnle acid, washing and 
lic.'itmeiil with salt sohitiuii. !• xiieiiiiieiits on the 
use of jnte cloth in road-making have b'.eii carried 
out in dilTerciit parts of the woild with i)artial 
.success. In the construction oi concrete mads jute 
cloth lias proved very ii.sefiil. These roads are how- 
ever not suitable for heavy traflic. 

We understand the Commiltee is planning to 
niulertake researches on these lines, and a scheme iii- 
v»)lving an expenditure of Rs. .i,Ns,'>o() (non-recur- 
ring) and a sum lietweeii 10,000 and ,p.),f)0() (recurring) 
was <irawn up some time agfj. 'fhe scheme for 
extension of the Igiborabnies at Tullvgunge has 
recently been accepted in principle by the Govern- 
ment of India and detailed estimates are under 
scrutiny. Research on jnte in view of its special 
position among the agricultural crojis is, fur the pre- 
sent, entirely financed Hum the central e.xcheipier. 
It was how'cver suggested (hiring the establishment 
of tile Commiltee that finances ma>’ be secured from 
uncertainty, inevitably attached to annual budget 
grants, liy imposing a dilTereiiti.al cess on exports of 
raw’ jnte, sacking and hessian. The proposals were 
not carried into legislation as the jute trade was 
likely to oppose the bill at tluit time due to ad\erse 
conditions luevailiiig then. Tlie original grant to 
the Committee was Rs. 5 lakhs which has iin- 
forlunalely been reduced to Rs. 4)2 lakhs. The re- 
solution of the Government of India on the establish- 
ment of the Committee assured that the financial 
l)ositi(m would be renewed after live years or earlier, 
if necessary. Let us hope that a way out of these 
shrinking finances will be found out. 



Hydrodynamic Research* 

Carried out at the Central Irrigation and Hydrodynamic Research Station, 
Khadahoasla, near Poona during 1938~39 


report of work done at the Central Irrigation 
and Hydrodynamic Research Station during 1938- 
1939 is contained in Publicalion No. 2 of the vStation. 
Ihirin^j the year nine investigations of specific 
problems were in progress and a few basic investi- 
gations were carried out so that their results could 
be applied to specific problems. Jii addition, nine 
enquiries were dealt with, without experiments. 
Helow is a siuinnary of some of the more impoilant 
practical problems dealt with. 


from the Sukkur Barrage CanalsS had shown that 
either method was successful for excluding sand 
from the r,eft Bank Canals ; but that “still iiond” 
regulation gave mcKlerately better silt exclusion In 
the case of Right Bank Canals. This was fully cnn- 
firmed when the Canals were opened in 1931. 

It was also predicted that a silt bank would 
form along the right bank, as it was on the inside 
of a slight bend in the river ; and to prevent 



Dates to regulate d«)\\ii- 
slreain W.I/. 


< — Sii k k iir Barrage . 


Right Pocket with i.nMil 
sill at entrance. 


< — New Right Bank apprn.icli 
channel. 


Fio. 1 

Silt exclusion from Right Bank Canals of the Sukkur 
Barrage (Sind) by a cunxd approach channel in 1/300 : 
1 /40 vertically exaggerated model, booking downstream. 


CONTROh OF SihT KNTKRING THK RlOIIT B.\NK Ca.X.VI.S 
WHICH T;\KF OFF ABOVK THK SUKKUR BARK.VtUC 
a)NSTUUCTKl> .ACROSS THE INDUS (SiND). 

Model experiments carried out eight years ago 
to ascertain whether “still pond“ or “open flow’** 
regulation would be preferable for excluding silt 


* Kindly comniiiiiicated by Mr. C. C. Inglis, director 
Slaliiui. \Ve are grateful to him for supplying us with 
the blocks used in thi.s article.— K d., S. & C. 

‘ Bombay P. W. D. Tech. Paper No. 45 “Note of 
1931, on silt exclusion from Canals : ‘still pond’ versus 
flow’ ’’ by C. C. Inglis, and Tech. Paper No. 46 
cxperinicnts with tlie full-width model of the buk* ’ 
Barrage** by C. C. Inglis and D. V. Joglekar. 
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it was proposed that a loiiR, submerged, curved vane 
-height =j4rd depth of water — should be con- 
structed upstream of the Canals on the right bank 
>tarting from the Outfall Section. This alone 
would have tended to pull the main flow of the river 
across to the right bank, so a similar vane was 
I proposed for the left bank, and model experiments 
showed that with these, channels would persist along 
both Ixinks, bed silt lx;ing deflected towards mid- 
stream. This recommendation was not however 
acted on. In the fltxxls of 1936, the river carried 
an exceptionally heavy charge of silt, and the pre- 
ilicted sand bank formed along the right bank from 
bunder Station acroSvS the nose to the Divide Wall 
of the Left Bank Canals and silting occurred in the 
Vorth West Canal. 

Kxi>erinients with a single large radius vane in 
tile river upstream of the Right Bank Canals showed 
that go(xl silt exclusion would Ixi obtained with high 
discharges (greater than 400,000 cusecs) ; but with 
low discharges, tliis vane would not be helpful and 
might make conditions worse. 

Ivxperimeiits showed that the i)roi)ortion of dis- 
I'liarges through the Bukkur-vSukkur gorge and 
llirough the Bukkur-Uohri gorge — 2^^ miles u]>stream 
of the Barrage— was a very important factor on 
influencing the curvature of flow’ downslream and 
tliat the less the proportion of discharge passing 
llirough the Bukkur-Sukkur gorge, the less was the 
(luaiitily of l)ed .silt moving along the right liauk, 
ix-sultiiig in conditions more favourable for the Right 
Hank Canals. 

Another series of experiments were done to sec 
whether the central sand bank upstream of the 
Hairagc could be maintained permanently at a 
tlesired R. L. and establish curve flow' to carry bed 
silt outside the Right l>ividc Wall. This propostd 
was found to be impracticable, as the s;ind bank 
st!ourcd during high floods and the stone protection 
required would be very costly, being heavy. 

The final design proposed was in the form of a 
new curved Riglit Bank Approach Channel shown 
ni figure i, from which the Right Bank Canals 
vould draw their supplies from the outside of a 
*urve, based on the same principle as the silt 
>^cluding approach channel to the Mithrao Canal 
'"^ind). Ex. Nara at Makhi, which has proved so 


successful.* The model confirmed that not only 
almost all the bed silt could be excluded but that the 
quantity of silt would be under control by regulating 
discharges in the Right Pocket and the approach 
channel downstream. 

Experiments have been in progress in 1939-40 
and 1940-41. It may be noted that this investigation 
necessitated different mwlels with various vertical 
exaggerations, viz., nil {i.e., geometrically similar) ; 
2 ; 3 ; 5 and 7 ‘ 5 - 


Training this Sarda Rivkr abovis the B\rragk 
AT Banbassa in United Provinces 

'i'here are two spurs, the Burma and Nepal 
Spurs, projecting from the left bank of the river, 
half mile and one mile respectively above the 
Barrage. The Sarda river has three approach 
channels above the Barrage, the hyastern channel on 
the left, the W’estern channel nearby and the third 
called the Solani Got channel near the right bank 
separated from the others by the large Kala Jala 
island. 

Until the hegiiming of the 1937 fl«x)d season, 
the main stream wiis through the iCaslern channel, 
the Solani Got channel taking only 20 per cent, of 
the discharge dining floods and nil during the fair 
weather season. During the i()37 Ihxxls, a com- 
plete meander upstream of the Nepal Spur took 
place and a new channel developed from the main 
channel to the Solani Got channel, which latter now 
carries about 50 per cent, of the total discharges. 
Since 1937, the river has been in a very sensitive 
condition. 

The changes in the river course showed the 
necessity of lx)th banks being groyned, for the 
control of the river, within a width not more than 
^thc length of the Barrage. 

The scale ratios of the model were : 1/150 hori- 
zontally and 1/50 vertically. Experiments were 
carried out : 

(i) to see how to divert part of the flow from 
the Eastern to the Western channel in 
order to reduce the intensity of attack on 
the Left Afflux Bund, and 

■Bombay P. VV. D. Tech. Paper No 59.: “Silt Control 
nt Heads of Can.als and Distributaries'* by C. C. Inglis, 
and Rao Saliib D. V. Joglekar. 
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{ii) to sec the effecl i>f biiildiiiii a short spur 
at the corner of llie Ri.elit Afllux Huiul lo 
protect the lattc-r from attack due to 
increased discliaige in tlie i^ulaiii (lul 
channel. 

A series of expeiiiiK-nls w'eie (ir^t I'ondiicted to 
reproduce pj'ototvpe c<.nditions, the criterion heiii.e 
that the model, laiil acconliii;; to lo.^b conditions, 
should rejnoduce the development of lo,:^; conditions. 


(c) Short .eroynes pointing 45® downstream 
constructed at three points along tlie 
eastern face of the Kala Jala island were 
tested to see the effect on pulling the main 
stream across to the Kala Jala island. 
Only the central .eroyne was effective ; hut 
it was nr)t recoinmehded, l)ecau.se tlu: 
natural teiulencv of the river under 
conditions was to swing over from the 



-Sarda Itarragu iS- 
.Main Canal. 


— .%Sliort spur ai 
corner of 
Afllux Huiul \<> 
proic.ci it fn.iii 
.''Coiir 


<— Sol. ini (*t)t 
cliaiinel. 


Fic. 2 

1/ISO: l/SO vcrlicallv exaggerated model of the Sarda at 
HaniKi.ss.'i (IM’.) Avilh the .short spur at the corner of the Right 
.minx Huiul lo protect it from .sconr. Looking down.s^reani. 


I«)xperiments were carried out for 3 to 5 season 
floods, the maximum discluir.ge lieiiig e(iuivaleut to 
5:2 2, Of K> cusecs. 

I (a) Kxleiiding the Nepal vSimr failed to cause 
any considerable curvature of flow and had 
no effecl on re(jpciiin.g of the Western 
channel. 

(h) Two builds, one to divert watei into the 
Central channel running through the Kala 
Jala island and the other into the Western 
channel were tested with a view to increas- 
ing the flow through th.cse channels. They 
however failed lo establish siiflicieiit cur- 
vature. 


Nepal Spur to the eastern face of the Kahi 
Jala island. 

(d) As described in the 1Q37-3S Aimuiil 
Report, extending the Burma Spur 20° 
downstream of the present alignment w.is 
effective in diverting the flow from the 
Kasteni channel away from the Jwfl 
Afflux Bund. 

II. Hxiieriments with a short spur at the corner 
of the Right Afflux Bund showed that the short spur 

(a) was effective in protecting the Right 
Afflux Bund by diverting the iiigh velocity 
flow away from it ; 
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(b) reduced silt entering the Canal, and 

(c) improved flow conditions l>y divurling the 
main channel outside the Divide Wall 
(sec Fig. 2). 


towards the Right Afflux Ihiiid. This was foreseen 
and was exi>ected to be prevented by constructing a 
long simr upstream in the vicinity of the old Houlder 
Hund on the Solani Ciot channel, i J j liiiles above 


Fis37. Plan ot=- Brahmaputra river 



Tlie only point on which il gave undesirable results the Barrage, for wliich experiments were in progress 

was that it had a tendency to i)ull the upstream flow in iy.^g-.to. 


of ilie vSarda — >- 
•0\<‘r (IM*.) mnler 
' •'••''truction. 



Silt cli.'iiiiit'I. 


I'lO. 4 

Model of the Hrahtnapulru fit Aiiiiiigaoii where a Railway Rriilge. 
is proposed by liaslern Bengal Railway. Looking dowiistreatn. 
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Plow ConditioNvS and vScx)itk Round Pikrs of thr 
Proi^oskd Railway I^riix'.k at Aminoaon across 
THE Brahmaputra on Eastern Bknu.al Railway 

Fi.unrc ^ shf)\vs the plan of the Brahmaputra 
with the proposed hridfi^c site. 

The aim of the experiments was 

(a) to reproduce and examine conditions of 
flow in the prototype, 

(h) to estimate scour caused by a maximum 
flocxl, 

(c) to determine the effect on scour of addin.ii 

piers and ynide banks ; and 

(d) to determine the best method of stone 

protection round the piers. 


The results showed that: 

(а) Water followed the expanding banks down- 
stream of the gorge, and the flow at the Bridge site 
was sweet ; 

(б) Upstream of the gorge, which is 2400 ft. 
alK3ve the proposed Bridge site, scour is deep ; but 
there is no danger of this scour moving downstream, 
because it is local, due to exposed rock and concave 
curvature of tlie river ; 

(c) When i)icrs were added, the general condi- 
tions of flow at the Bridge site were unaffected ; 

(d) The stone pitching of the guide banks of 
the bridge should conform as nearly as practicalilc 
to the existing banks, so as to interfere as little as 
possible with ])resent flow conditions. So, instead 
of stone Ixiing laid as an apron and allowed lo 


N9 nos/s. 

riG.4 5 -CROSS 3£CTiON or BRAH MAPUTRA titVER AT BR iD GE SITE 
AT AMINGAON 

SHOy^/NG MAX. DEPTHS OF SCOUR AT VARIOUS POINTS IN 1933 . 



Fig. 5 


The scale ratios of the model (Fig. 4) were : 

Horizontal sea le rat io = i / 300 
Vertical ,, ,, =1/40 

Discharje „ ,, -=1/94,800 


launch, sand should, where practicable, lx; removal 
and the .stone laid where Anally desired. 

The flood data of 1937 ^^iid 1938 showed that 
scour commences at the Bridge site when tlK 
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discharge exceeds about one million cusccs, and The level at which the pitching would stabilise 

reaches a maximum on a falling flood. During a around piers of the Brahmaputra Bridge was worked 
very rapidly rising flood, the river docs not scour out to R.L. So.o by method (.1) and to R.D.83.0 

by method (B), compared with which 



the assumed .safe level of scour is 
R.r,. 74*0 (the bottom of piers is at 
R.I,. 22’o), see Fig. 5. 

TrAININI', TTIK WATRAK RiVKR 'IT) 

i*RO'rKC'r Kajra Town, (fUjKRA’r 

Frosion had been taking place at a 
sharp bend of the Watrak river ju.st 
ii])strcani of Kaira town. The norlh- 
west corner of the town wall had 
collapsed into the river as a result of 
the attack and there was every indica- 
lion that the erosion would extend. 

The primary object of the experi- 
ments was to indicate how the corner 


Fig. 6 


of the town could be protected, but it 


Training of [hv. Watrak near Kaira (Hoinliay). Showing virtually 
exaggerated model with causeway, which caused silting down- 
stream near tlie old Fori wall, by diverting liigh veloeity flow 
away from it. lA»<»kiiig downsfream. 


was also desired to deflect attack away 
from the wall of the town downstream 
and reduce erosion at the bend up- 
stream. Independently of this problem, 


and may actually silt accompanied by a 
wry rapid increase in velocity ; whereas 
during a steady flood, scour takes place 
and the velocity and gauge readings drop, 
b'or this reason, the discharge gauge 
ipapli is not reliable, scatter for different 
comUtions lacing very wide. 

Tile c.stiinatcd maximum flood dis- 
cliarge worked out by indirect methods 
was less than 2J4 niillion cusccs. 

As it was not possible to reproduce 
scour round the piers in a vertically 
exaggerated model, conclusions were 
drawn 

(A) by direct application to the 
'Brahmaputra Bridge, of known 
scour round the Hardingc Bridge 
piers ; and 

(fi) by applying to the Brahmaputra 
piers results of experiments 
carried out with models of 
Hardinge Bridge piers under 
steady, axial flow conditions. 



Fig. 7 
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it has been proposed to construct a causeway or Recommendations made, based on these experi- 
bridge across the river at Kaira. ments, were in the form of alternatives : 


Kxperinietils were carried with a model con- 
structed to a scale of r/125 horizontally and 1/45 
vertically, in which the cfTecls on the river course of 
(t) spurs of various designs placed at the 
corner of the town, 

(ii) a causeway, and 
{Hi) a bridge, on various alignments, 
were tested. Certain alternatives were also tested in 


(r) To construct the bridge in the best posi- 
tion for protecting the town and train- 
ing the river from the N.-W. corner of 
the town (Fig. 6). 

(2) To construct the bridge below the town 
protecting the town by a spur 180 ft. 
long extending into the river, sloping 
down at i in 5, pointing 35° upstream 
(Fig. 7 ). 


w r/3r, 

C.U& H.F,srti 


m.SB-PLAN or NALA BELOW AQUEDUCT lA. 

N. R. B. CANAL. 
scAue / //VC// » /330 rz 



Fig. 8 

geometrically similar part models of scales 1/30 and Of these (i) was better than (2) but the clioit^' 
1/40 in which the flow and local scour conditions depended on cost and on the desired location of tin 
could be examined in more detail. bridge. The second recommendation was adopted. 
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Training the Rajuri Nala below Aqueduct 
No. 14 ON THE Nira Right Bank Canal 
(Bombay Presidency) 

'I'hc Rajiiri Nala flows through the Aqueduct 
1 1 from the right flank at an angle of al.)out 45° 
(Eig. 8). The toe (Nf the right upstream wing wall 
collapsed during the severe floods of 1Q37 due to the 
wing wall being overtopped by ft. and the 

lacking bursting through. 


(2) Plain weir falls. 

(3) Notch falls. 

(4) Montagu type fluiiied falls. 

It has been found that the standing wave 
lliiine meter fall with a baflle, cistern ami deflectors 
gives very satisfactory results for large discharges, 
siiy, greater than 4,000 ciisecs, and the bigger the fall, 
the greater is the cfliciency. The>’ are especially 



Fig. 9 

l/5tli .scale model of 700 cusecs. Standing Wave Flume Meter 
Fall, showing the effective working of the bailie. Looking upstream. 


Experiments were done with a 1/25 geometri- 
cally similar model with a view to reducing afflux by 
straightening the flow upstream. Sweeter flow and 
less afflux were obtained with a curved wing wall 
and a groyne 200 ft. upstream on the right bank ; 
lait a warped wing w^all without a groyne was 
recommended, as it was nearly as effective and did 
not depend on the maintenance of a separate groyne. 

Dissipation ok Energy below Falls 

Experiments have been in progress® at the 
Station with various types of falls, viz, : 

(t) Proportional standing wave flume meter 
fall. 

’ Bombay P.W.D. Tech. Paper No. 44 : “Dissipation 
energy below falls” by C. C. Inglis, and D. V. Joglckar, 


advantageous when the fall is to be bridged and is 
to work as a measuring device. 

, (i) Experiments with a proportional Standing 

Wave Flume Meter Fall 

During the year, experiments were carried out 
with a standing wave flume meter fall design 
required for 700 cusecs fall on tlie Montgomery 
Pakpattan link (Punjab), where 3 different types of 
fall were proposed to be constructed with a view to 
seeing their working in actual jjraclice. These 
experiments were continued with a i/sth scale 
model of a 700 cusccs proportional standing wave 
flume meter fall. To overcome the slight in.stability 
of flow obtained with 25% retrogression in down- 
stream water level, the best results were obtained 
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with I in S side divergences ; vanes in continuation 
of piers ; a sloping glacis ; a baffle platform ; a baffle 
1.6 (dn -djj) high (do = critical depth and da = depth 
at toe of fall) ; a flat pavement of lx)wcd cross sec- 
tion ; bed and side slope deflectors and two rows of 
control blocks. This design was finally adopted. 


(it) Experiments with a non-proportional 
Standing Wave Flume Meter Fall 

P'himed falls designed to be proportional- 
no afflux or draw-down throughout the range ol 
discharge — have a lower hump and narrower throat 


Submersibl-e: bridge 

OVER 

KAt-AMSA NALA (c.r) 

SCAt-K tatef 

High ri-ooo ueveu r.u. hi . 


FIS: 5/ 


FORMATION UeVEU A.U.tQ2-SO 



El-EVATIOM. 


submersible: bridcse 

OVER 

KHARMER RIVER 

SCALB. r«IO* 

1936 FLOOD WHICH CAUSED DAMAC5E , 
PR EVfQU5 HIGH FLOOD LEVEL, RU.a a4>*0 



FiO. 10 
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ilian would otherwise be necessary, 'fhis adds to 
llic length of expansion and thus increases cost, 
l^roportionality is frequently not required ; for 
.'xaraple, the general practice in Northern India is 
to run canals only at full supply. An alternative 
design to that descrilxjd in (i) al)ove was therefore 
tested, having a high’ non-proportional hump (o./|di) 
jnid wider throat, all tests being carried out with 
15% retrogression in downstream water level. There 
were two rows of control blocks, bed and side slope 
dellcctors as in design (i) and best results were 
obtained with baffle i.r(d., -dj high (Fig. g). 

It may be stated, in general, that when propor- 
tionality is not a necessity, a standing wave flume 
fall with a high hump is likely to be cheaper and 
give as good or even better results. 

Expkrimicnt.s with Modki^s of vSunMKRSlBI.K 
llRIDGl'S ^ 

Several submersible bridges situated in the 
Central Provinces are damaged during floods, 
tlie slabs being carried away bodily and deposited 
downstream in the bed of the river (Fig. to). 

Models were constructed of two bridges which 
had been damaged. It was found that, even when 


maximum flood discharges were reproduced, the 
slabs in the model did not move or show any 
tendency to be lifted with steady flow ; and this was 
borne out by pressure observations. 

Experiments using slabs of various weights 
showed however what had happened in the proto- 
type. Owing to the turbulence of flow the slab was 
subjected to rapidly fluctuating upward and down- 
ward pressures, as a re.sult of which the horizontal 
force of the current was enabled to push the slab 
downstreams in .short jerk.s, until suddenly it would 
overbalance and, pivoting on the downstream end 
of the supports, be caught by the current and 
deposited on the bed of the channel. The likelihor)d 
of this happening in the prototype would be 
increased by the collection of the floating trees etc., 
against the upstream edge. 

The cause of the damage to the bridge was 
Iheiefore concluded to be, not the steady uplift 
pressure, but the action of turbulent flow, on un- 
andiored slabs. The improvement on rounding the 
iipsireain edge was found to be small. It was 
suggested that any means of preventing the slab 
from sliding on its supports would reduce the 
danger of failure. 



Electron Microscope 


N. N. Das Gupta 

Palit Laboratory of Physics, 
University College of Science, Calcutta 


JN a previous issue of this journal (Vol. 4, pp. 691-7, 

193^-39)1 ^'as given a preliminary account of the 
electron microscope. Since the publication of that 
article a great deal of improvement has Ixien effected 
in the design of the different parts of the instrument. 
The result of these changes has been a great increase 
in the power of resolution and in the total mag- 
nification of the electron microscope. Due to 
this enhanced elllcicncy it has been possible to 
gain new insight into the pr(x:esses which were far 
beyoml the reach of even the most powerful 
microscopes. Giant molecules can now be seen and 
photographed and the destructive action of a phage 
on Ixictcria can be followed stage by stage. In the 
present article we shall summarise the development 
of the electron micro.scope as well as mention very 
briefly the new results brought to light by the inves- 
tigations carried out with its help. 

The new high-power electron microscope employs 
a magnetic lens, instead of an electrostatic one, for 
accurate comparison between the two has shown 
that with the same accelerating potential and limiting 
focal length of the objective, greater resolution is 
obtained with the magnetic lens. The object and 
the objective system now form one unit so that the 
position of the object with resi)ect to the objective 
remains absolutely fixed and the instrument is in- 
sensitive to mechanical shocks. The space between 
the object and the camera, that between the object 
and the objective as well as the whole condenser 
system have been thoroughly screened with per- 
malloy. The objective works with real diaphragms 
diameter which may be easily interchanged 
by a simple manipulation. An analogous inter- 
change of diaphragm arrangements in the condenser 
system allows one to pass over from working with 
a light field to that with a dark one. The sharpness 
and the position of the intermediate and the final 
pictures can be controlled by means of a monocrystal 


light screen which is inserted in the outer zones (if 
the radiation. The picture is olxserved with an 
ordinary light micrijscope. With the dark fiiM 
pictures the intensity of light on the zinc sulphick 
screen provided is suflicieiit to permit visual focus- 
sing. Only in the case of the dark field pictures ol 
highest resolution which demand real object iw 
diaphragms of diameter less than 7/i, the intensily 
drops so much that exi>osiire limes of the order uf 
1 min. are neceSvSary. The pictures reproduced mi 
the next pages were taken with vSehumanu plates 
which have high resolving powers. Owing to the 
.small aperture, the electron microscope possesse-s a 
depth of focus which is 100 to 1000 limes great ei 
than that of an optical inicroscope. Arrangements 
have therefore been made for taking sterco-i>ictiiiLs 
of the same section of the object at two inclinations 
of about 4°-i5° on the average. 

It is important to mention here that the final 
magnification of any picture consists of two paits, 
the first by the electron microscope and then by 
t)hotographic methods. The most favourable distri- 
bution of the two magnifications depends on tlie 
resolving capacity of the sensitive layer for highlv 
accelerated electrons. Whlh plates of high re.solviny 
power (Schumann) smaller microscopical magnilica- 
tions are favoured, for, then a greater field of view 
is available and owing to the decrease in exposure 
time the destructive effect of the radiation on the 
objects is less. However, only the total tnagnifiea- 
tion is interesting which has Ixjen given under ever\ 
picture. The capacity for resolution can be judged 
from the object distance of t/x or o*i/a mrked on 
every picture. 

Figure i shows a photograph of haemocyaiilu 
molecules obtained on a collodium foil (cone. 10 ' 
gm/cm*) magnified 75,000 times. This is the first 
photograph of molecules. It confirms what was 
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i)reviously inferred from sedimentation experiments 
hat these coppcr-coiitainiiis molecules cpnstitut- 
■ng the blue blood-pigments of the snails 





Pig. 1 

I'irst plnHograpli llaenKH'vaniti on 

coIkMliuni foil. Magiiilicd 75, (KK) liiiK^s. 

liaw globular shapes. The diameter of these 
niolecules appear to be 2^10 mm. The very small 
photographic contrast is due to the fact that here 
single molecules lie on a collcKlium foil which is 
m1‘ou 1 e<iual in thickness to the molecule diameter. 
1 he photographs obtained with higher concentra- 
lions give only a cloudy appearance. 

h'ignre 2 is the case of a protciis bacteria caught 
at the moment of division. Strange structures 
•He visible inside the two halves of division. 

An interesting study, made possible by the new 
electron microscope, has been the phages and their 
fh striictive effect on bacteria. We have, as it were, 
jnst begun to peep into a new world of neglected 
dnnensions whose gates were so long closed to us. 


With the powerful optical microscopes one could 
see the various bacteria which are usually so small 
that a number of them may remain comfortably 
within a single red cell of human blocxl. The 
normal red corpuscle is alx^ut 25/* in dianielcr and 
the bacteria may be or less in thickness and 3 or 
4 times as long. Hence in an optical microscope of 
two thousand times magnificat ion, a bacteria of say 
*6/it thick 2 /ii long will be visible as a spot of 
I ‘2 mm. by 4 mm. The phages which are still 
smaller bodies and are beyond the range of optical 
microscopes, could only be inferred in me<lical science 
on account of their destructive effect on various 
bacteria. With the electron microscope we can not 
only see the phages but can actually go a step forward 
and follow the various stages of the action of a phage 
on bacteria. 

The following four figures (;>-6) illustrate the 
action of the bacteriophage lyse. After the addition 
of lysates to coil lionillon culture tlie phages appear 
within a very short lime adsorbed 011 the bacteria 
surface which is sharply defined (Fig. 3). Soon 
afterwards the contours of the bacteria surface 
appears to become more and more indistinct and the 
protoplasmic contents come out (Fig. 4). I'inally, 
with the exception of the resisting nucleus the whole 
bacteria is invaded by the phages (h'ig. 5). An 
interesting phenomenon in the successive stages of 
the action of a phage on bacteria is the appearance 
of crystalloids (Fig 6). 


l!L 



i'ig- 2 

Proteus bacteria just before division 

The phage itself is a small round Iwdy which 
appears to be homogeneous and considerably thick. 
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With highly intense electron radiation they appear 
to be destroyed and only ring-formed hollow 
globular bodies arc left behind. This pheno- 
menon is ’very similar to that observed with cubic 



l‘ig. 3 

Coliplui^c! oil bneti"ri;i surface. 
IMa^^iiifiCiilion 15,fKK) titnc.s 



Io'K. 4 

Colipliagc on bacteria surface. 
Second stajfc. Majjnification 14,000 times 


crystals. 'I'lic similarity of reactions of the two 
bodies with regard to electron radiation seems to 
justify the assumption that possibly both ai;c 
similarly built up and that the cry.stalloids are to lx; 
bids fair to show that it will soon prove itself to be 
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identified with the centres of origin of the phag. 
proteins. 

The electron microscope which is a new gift n; 
physics to medicine is still in its infancy. But i 



l-'ig. 5 

Cnlipbagc r>n tlic rc'.si.sling bnctcrin centre. 
Magnification 14,000 times 



Fig. C 

Crystalloid formations inside bacteria. 
Magnification 14,00t) times 


one of the most valuable weapons of medical rescjiicli 
in its cea.seless fight against disease.* 


* Tile photographs reproduced al)r)ve are from tlic work 
of Rnska and Ardeniic, Natunvissctischaflcn 3 and 8, liMtk 


How Far Census in Bengal is Accurate ? 

. Jatindra Mohan Datta 


What is Census 

all know wliat census is. “A census in 
modern limes is an ofllcial enumeration of tlie 
ii)hal)itants of a vState or a country, witli details of 
and age, family occupation, possession, etc.**, 
<:ivs the ('yclopaedia of Imiv. In Houvier*s I .a 7 v 
nictionary it has been defined as “an nlficial reckon- 
ing or enumeration of the inhabitanls and wealth of 
.1 country.’* The ])lain dictionary meaning of census 
i> “an official registration of the number of the 
people, the value of their estate and other general 
^tatistics of the country.” (Webster). Tn the Indian 
Census Act, iq.V), census has not been defined ; but 
from the tenor of the several sections it may be 
l.ikeii to mean primarily an official enumeration 
llirongli direct visitation of all the people with 
various data concerning the persotis enumerated, 
Mich as religion, caste, marital condition, etc. 

A census is a sort of photographic record of 
jiopnlalion group at a given moment, and resembles 
a periodic taking account of stock in business. The 
scientific importance of a census lies in large part in 
tile fact that it furnishes the needed basis for a 
^llldy of changes in the number of people through 
Iiiillis and deatlis, immigration ami emigration, and 
of changes in their status through marriage and 
divorce, etc. Speaking of the utility of taking 
census, the Encyclopaedia Britan nica (14th edition) 
says, “Census statistics are the common tools and 
materials of the business of Government in ways too 
miiiieroiis to detail ; but they are ecpially indisxxMi- 
sablc to the direction of State policy.” 


Cknsus as a Outi>k ' m Statk Poijcy 

We want to prevent child marriages by altering 
die law. bet us examine its frequency. Tn England 
tile legal age for marriage of a male was, until very 
ru:eiitly, fourteen. There is no record of a man 
marrying at 14 since the marriage of the Earl of 
^^mislow in the reign of Charles II. Eaw or no law, 


people in England do not marry early, or marry 
their children early. Bnt what is the i)osition in 
India? In we find more than .^oo.ooo of infants 
below five married. If we eoiisider lliose who are 
below lo to be cliildreii, we liiid .| per cent of them 
married. The necessity of the Child Marriage Res- 
traint Act (the Sardii Act) becomes a])i)arent at onee. 

We want to introduce compulsory free primary 
edncalion. If we consult the census statistics, we 
can gel an idea of the niiml)er of (diildreii we have 
to provide for. 

W'e want to sei- whetlier female infanticide is 
practised among certain tribes in the rnnjab and 
Rajpntana ; the sex-proportion amone them com- 
pared with that among the general i)opnlatioii then? 
at onee gives ns the cine. 

W'e want to see whether the age at marriage is 
increasing at such .a rate that we shall have to face 
the problem of ‘old maids’ ; the census statistics 
provide an answer. 

Snell is the importance of eensns. 

iNtC’CtTUACY IN OUK Cl'lNSUS 

The British Im])enalisls at W'hilehall want lo 
devise a iiew’ iiistninient f)f ‘Divide et IniiK-ra’ ; and 
they have not failed to manipulate the ci-nsiis bn- 
their own ])nrpose. They mainifaclure castes and 
classes among the Hindus ; wrongly include certain 
castes and classes among the Muhammadans ; eon- 
vV*rl the untouchable "Muhammadan Halalkhors of 
igoi intf) Depressed Hindus of ip;^! ; and imt them 
as one of the vSeheduled Castes under the new 
Government of India Act, Their main i)nri)ose 

is to see that there can never be unity amongst the 
diflerent sections of the po]nilati()n, and thus sabotage 
the growth of the Nationalist spirit. 'I'he result is 
that onr Censuses are not accurate pictures. 

Cknsus in Anctknt Timrs 

The term census is borrowed from a Roman 
institution of a (piite diilercnl character. The Roman 
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census was a register of adult male citizens and 
their property, and it was undertaken for purposes of 
taxation, the dislrilnition of military obligations and 
the determination of political status. But the idea 
of the census seems to be far older. In the Bible, 
we find mention of the enumeration of the fighting 
strength of the children of Israel during the Kxodus, 
and of the non-military Levites. In the Arlhasastra 
of Kautilya (r. .^oo B.C.) we find among the duties 
of the flopa- -the village accountant : 

‘‘Having numbered the houses as tax-paying or 
tion-i>aying‘, lu* shall not only register the total num- 
ber of inhabitants of all the four castes in each 
village but also keep an account of the exact number 
of cultivators, cow-herds, merchants, artisans, 
lalunircrs, slaves, and biped and rpiadmpcd animals, 
fixing at the same time the amount of gold, free 
labour, toll and fines that can be collected from it 
(each house).” (see Shama Sastry’s Arihasasirn, 
Ch. XXXV). 

Scientific interest in the application of the 
numerical method to the study of population-groups 
seems to have been undeveloped in the ancient and 
medieval world. The AinA-Akbari, the great admi- 
ni.strativc and statistical survey of India under 
Kinpcror Akbar completed by his friend and minister 
Abul Fazl in 1506-07 A.D., contains a wealth of 
information regarding the Moghul Empire ‘'faith- 
fully and minutely recorded in their smallest detail 
with such an array of facts illustrative of its extent, 
resources, condition, population, industry and wealth 
as the abundant material from official .sources could 
furnish”. These are the words of the translator II. S. 
Jarret and he is forced to remark that ‘‘regarded as 
a statistician no details from the revenues of a pro- 
vince to the cost of a pine-apple, from the organisa- 
tion of an armv and the grades and duties of nobility 
to the .shape of a candlestick and the price of curry- 
comb, are beyond his microscopic and patient 
investigation” ; but the Ain-i-Akhari .says nothing 
of census or house to house enumeration. 

It was in i66r that Riccioli, an Italian, made 
first serious attempt to estimate the population of 
the earth ; and in 1662 John Oraiint in England, of 
a large city like that of London. About a century 
elapsed before the.se beginnings developed into a 
national censits along modern lines. During the 
interval various attempts to enumerate the popula- 
tion of cities, provinces or countries were made, but 
no succe.ssful attempts were made to count the whole 
population of a large country. 


HI.STORY op MoDiCRN CHNvSUS 

The honour of introducing the modern ecu. . is 
has been claimed by Sweden, Canada and the Unit 1 
States. The periodic enumeration established in l 
colony of New France in 1665 and continued 
Quebec until 1754 hcon cfjled by Sir Acthclst; 
Baines ‘‘the earlie.st of modern censuses”. 

Sweden’s claim to priority is ba.sed on a ecu .b 
taken in 1740, which according to Guinchard merits 
recognition as the first original census. This \\:is 
the fir.st of a .series which the Swedish Governiiu nt 
has continued without interruption ut) to the presmt 
day. 

Faced by a serious and threatening poliiiiMi 
problem the F'athers of the American Constitiili.m 
of 1787 inserted therein a provision that an ‘‘emiiikr;i- 
tion shall be made within three years after the InM 
meeting of the Congress of the United States ami 
within every subsequent term of ten years/' 'I'Iil 
provision for a decennial census grew out of a 
protracted controversy between the large and snmll 
Slates. Under the Constitution then in force, ciuli 
State had one vote ; and the Congress had only oiu* 
Chamber. In the Constitutional Convention, tin* 
small States insisted on retaining their equality ; 
the populous and wealthy States demanded weiylil- 
age in the Councils of the Nation proi)ortional to 
their population and wealth. The com prom ix 
adopted provided for a Legislature of two ChanihLis, 
in one of which viz., the Senate, the claim of tlii. 
small States was allowed ; wdiile in the other, ilu 
House of keprcscntati.sves, the claim of the l:iim. 
vStates was granted. When the agreement 
reached, it was a short step to recognise tliat :i 
pcrimlie re-adjustment of the number of repreM iil i 
tives in the lower House to changes in the p()i)iil:iii"n 
or in the wealth of the vStates was dc.sirable. U w m 
decided to base representation on population, to 
count slaves as three-fifths of the same numiKi of 
free persons (for the purpose f)f incieasiiiL' l1i<' 
repre.sentation of a Slate, and at the .satiic limi* 
denying them franchise!), and to enumerate ttu- 
population every ten years. 

The first h'ederal Census of the United 
was taken in 1700 and it has been repeated since ll> a 
every ten years. Statisticians of repute all over 
world arc agreed that the census taken in t 7‘>’ 
the first scientific census in the modern sense ol 
term. There can be no doubt that the peru' ^i* 
censuses of the United States have been pre-emincirh^ 
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, .sponsible for introducing the practice in other 
, )iintries. The British House of Coninioiis, in 1753 
;ired that a iiuiiibering of the people would be 
•1 lowed by “some great public misfortune or epidc- 
> lical di>stemper“; the first census of Knglaud was 
i l.Lii as late as 1801. Ireland was censused iii 1821 ; 

, ;]jcr countries followed the practice sooner or later, 
ij Inilia, provincial or local censuses were taken in 
(hllerent areas between 1853 and 1868. The City of 
c ilciitta was censused in 1866 ; full live years before 
liio general all-India census. As a part of the great 
Imperial scheme conceived during (Gladstone’s ad- 
iiiiiiistration, the first all-India census was taken in 
the winter of 1871-72. 

'file practical value of periodical enumeration 
li.is now been recognised throughout the civilised 
world, although for financial or political reasons or 
ailniiiiistrative difficulties, the ceusus has uot yet 
liccuine a universal institution. It was estimated in 
u,oi that 55 per cent of the population of the world 
aiv censused. The esLiniale is given below in a 
iahiilar form : — 


l olltllU III 

i 

l’OI’Ur.ATION IN 'I’lIOUSANUS 

Perceiilugt! 

eniuiK'rated 

b'luuiieraled 

i 

Fsliiiinlcd I 

i 

1 

l.Mrupe ... I 

387,308 

0,314 

98-4 

\si;i 

323,609 

560,713 

370 

Aftiuji 

19,741 

144,678 

12-3 

\iiurica 

136,118 

10,543 

42-8 

* K i'.iiiia 

4,711 

881 

84-5 

Tulal 

870,447 

713,029 

650 


Since then census-taking has been carried to 
niuic remote countries until by now nearly three- 
ton rths of the earth’s estimated total population of 
millions has been enumerated. The proportion 
Mvadily rising ; and if we except China, the only 
unalTectcd and populated regions are Bhutan, and 
Muhammadan countries of Afghanisthaii, Tran, 
b i'j and Arabia ; and the interior of Africa. China 
I' ls some sort of census, which though not strictly 
>!Mis ill the modern sense of the term, is much 
than mere estimates. Incidentally we may 
I'lviition that it has been estimated that the Earth 
^ =1 maintain a population of 6,000 millions, a total 
'\'!ioh will be reached about 2100 A.D., at the present 
of increase. 


Cknsus in India 


Although there was a general all-India census 
in 1871-72, certain outlying and backward areas were 
not censused. At each successive census more and 
more inaccessible regions were leached until in 1921 
the whole of India was within the census net. 

The nominal increase in the population censused 
in India since 1872, together with the variation is 
shown ill the table below : 


ClMlhllS of 

Population 
in OOO's 

Variation i 
ill 000 ’s 1 

Variation pen* 
cunt siiu i; 
last census 

1872 

200,102 



1881 

253, SIK) 

47,734 

f23-2 

1891 

287,315 

33,890 

■f 13-2 

19/)1 

294,301 

7,040 

+ 2-5 

1911 

! 315,150 

20,793 

+ 71 

1921 

318,942 

3,780 

+ 1*2 

1931 

352,S;t8 

33,419 

+ 10*0 

But the real gain is coiisideral)ly less than this 
figure owing to two factors, (a) the additions of area 


and iiupulation included at each census and (b) the 
progressive increase in the accuracy of the cuiiiiiera- 
tion from census to census. It is clear that their 
influence must steadily decline as organi/xd adminis- 
tration extends and the system and practice of 
enumeration improve. According to the Census 
Report for India in 1921, and India in i 930-3/, the 
general result, after allowing for the factors of 
extension and accuracy, is as given in the table 
liclow. 

(Figures in millions) 


• 

Period 

Increase 
due to 

Jm lusioii of 
new areas ; 

Iniprovi- I 
nienl of j 
method ! 

Iteal i Rale '/o « 

ir.erea--e in : real 

population 1 inciv.-ise 

1872-1881 

330 ! 

120 

30 

15 

1881-1891 

5-7 1 

3-5 

24-3 

, 96 

1891-1901 

2-7 i 

0-2 

4-1 

i 1-4 

I901-I91I 

1-8 ! 


lS-7 

6-4 

1911-1921 

0-1 ! 


' 3-7 

1-2 

1921-1931 

01 ’ 


340 

10-6 

Total 

43-3 

16-7 

87-8 

30-7 
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It will be noticed that neither the Census Com- 
missioner for India in uj2i nor the author of India 
in claims any improveiiieiit of method since 

1901. The census of 1871-7.2 was not a one-day or 
one-night census like the later ones. In all later 
censuses from i.SSj to 1931, the enumeration was of 
all persons pliysically i>resent on the day or the night 
of the census. This year (1941) the census is going 
to be a de jure one, i.c., of all persons who are 
normally present or resident at a given place, spread 
over a period of two weeks. The increase in accuracy 
of enumeration due to the change from the non- 
synchronous method of 1871-72 to one-day synchro- 
nous census of 1881 was about 0 per cent. It is 
feared that the change from de jacto method of 
enumeration to dc jure one will lead to inaccuracy 
of eiiutiieration. As we have estimated elsewhere 
(see the Modirn kcvinc for January, 1941, p. 94} 
the inaccuracy will be of the order of 3 to 4 per cent. 

It is claimed for the dc jure census that it is a 
better record of sot'iohigical facts. It all del)eilds 
Upon the angle of vision. The summer ijopiilation of 
Darjeeling of pel sons normally j|)resent and resident 
there in summer—is very dilTereiit frmn its winter 
population. And it is well known that Darjeeling 
owes its prosperity to its summer population. Both 
the dc jacto and the do jure methods of taking census 
have certain advantages as well as certain disad- 
vantages. 

Why TiiK Indian Cknsus is Iakedy to be 

iNACCURATIi 

III the syiecial circumstances of India, jjarticularly 
of Bengal about which the author can speak from 
personal knowledge, especially in view of the unpaid, 
temporary, non-ollicial agency employed for enumera- 
tion and collecting data, the dc jure census is less 
likely to record true facts, and as such will be more 
inaccurate. The ‘ Stipe rvis<.>rs’ are ecjually unpaid, 
temporarily impressed iioii-onicinls. The ‘Charge 
Superintendents' in the interior of rural Bengal are 
tlie local Union Board presidents this time. Some 
of them are scarcely literate; and most of them lack 
the zeal and public spirit iieccs.sary for correct 
enumeration and proper collection of data regarding 
the persons enumerated.* Imagine such men 

* We know of a Union Board, within 20 miles of Calcutta 
and a few miles from the Siih-Di visional hcad([iiarters, where 
even the collection of Union rates is systi’iiuitically iic*gleete<I 
and the pay of the Chaukidiirs and the Daffadars are habi- 
tually ill arrears, but tlie same group of persons would l)C 
fleeted membtrs and President term after term because 
of their local influence, and according to our information, 
a large percentage of Union Boards are of this type. 


conducting the census enumeration — the importance 
of which they do not realise and a thing which do iioi 
1931 Examined 

As for official organisation and supervision b 
the Goverumeiit, we cannot do better than quote 1 i 
extract from an official lettej* : “In the (distini 
town) census office, as elsewhere, there is no wluj.c 
time census staff. All the clerks, as well as tlic 
district census officer himself, have the regular woik 
of their departments to attend to, in addition to tic 
iliilies which census imposes oil them. In all oflic\^ 
census clerks are working overtime.” 

This is the organisation whch is expected h, 
supervi.se Ihc work of the rural charge siiperiiiUii 
dents i.c., llie Union Board presidents. There aw 
more than 5,000 Union lioards in Bengal ; and tlic 
work of 5,000 Union Board presidents as char.^e 
superiiiteiuleuls has got to be supervised by the 
district census officers, who are at be.st parl-linn 
<)flicers. Besides these Union Board areas, theie aw. 
1 18 municipalities with an industrial and floaliii:: 
population ; and sparsely inhabited tracts of tla 
Sundarbans and the Chittagong Hill Tracis, ami 
areas where lliero are no Union Boards. 


CbAiMs 01-' THE Census vSui’Erintkndent 01- 
1931 Examined 

The Census Superintendent of Bengal claiiikV. 
an accuracy of enureination of one per mille for the 
whole population in 1931 (see § 4 of the Heniiiil 
CcTi.sus Rcl>ori, 1931, Part 1 ). Is the claim juslilial i* 
Is it possible unde. Indian conditions^ The lincvilo- 
t^aedia oj Social Sciences says: — 

“The accuracy of a Census is ordinarily jiulgcd 
by the accuracy with which the population has Ixcii 
couuleil, and that total under American c'onditions, 
is, according to the expert opinion of Francis W alker 
and Carrol Wright, probably within one per cent of 
the truth.” 

In America the Negroes are enumerated ]es.s 
accurately than the Whites, and the probable error 
of the count may be as high as two per cent according 
to the same authority. 

If the accuracy of enumeration in civili>‘-d 
America with an almost cent per cent literacy, fnd 
a permanent Census Bureau of Statistics is wit’nn 
one per cent of the truth ; can the claim for nii 
accuracy of one per mille for Bengal be maintained 
when the literacy in the province is as low as n 
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(icr cent; and where the Census staff is appointed once 
ill ten years? To this must be added the effect of 
political moveiiieiits like Non-co-operation and 
Civil Disobedience Movements started by (jandhi ; 
.ind cominiinal prejudices and propa‘4anda. 

Tksts of Alx:uracy oi* \ Cicnsus 

**The testing of the accuracy of a Census is 
ilifTicuU because there is no standard more trust- 
worthy by which ils results can be measured, lint 
.1 census is sometmes discredited by the inconsis- 
tencies between its different results or by divergences 
hetween its figures and those of later enumera- 
tions.” thus observes the of Social 

Si-icnecs. The accuracy of a census is ordinarily 
judged by the accuracy with which the population 
liiis been counted. Hut a complete census is com- 
]»()se(l of answers to many eiKpiiries, each witli ils 
own degree of error. 

(/) Let US apply this test to Indian censuses. Let 
us concede that the Census of 1921 was correct to 
within one t)er mille as claimed by the Covernnient 
officials. According to the 1921 Census, the num- 
ivis of males in selected age-intervals were as 
follows : — 

1021 -(U?NSUS 

A.i-i-iiilirval 0 5 15.-20 20 -55 

No. of uiak? ... 29 , 7 «, 53 S 22 , 00,286 U>,.S 1,338 

'I'en years later, they would shift to the 
categories 10-15, 25-30, 30-35. Let us now scan the 
figures given in these agc-categories in 193^. 

1931 — CKXvSl.vS 

.\goinlervnl ... ... 10 — 1 .^ 2 . 5-39 . 39—35 

No. of males ... ... 31 , 77,539 2 . 3 , 97,513 22 . 12,514 

Increase over 1921 figures ... 7 % 9 % 14 '’.', 

How is this increase possible, for in the extreme 
case of no deaths amongst persons belonging to 
these categories — in itself an improlxible assuinp- 
1 ion —the numbers can at Ix^st remain stationary. 
Hut the Census report itself says that the specific 
death rates were 65*2, i3‘7, and 14*4 per mille per 
annum respectively in this interval. Immigration 
alone can account for the figures but according to 
the Census Report of igsi itself : — 

‘ 'During the last two decades there has been a 
progressive decrease (italics ours) in the total 


number of immigrants recorded at the Census of 
Heiigal and a progressive increase of persons born 
in Heiigal and recorded in other iiarts of India” (see 
p. 91). 

It is therefore as clear as da>liglit that the 
number of pers<.)ns in the different age categories in 
the 1931, has been falsely eiumieraled. Let us try 
to e.slimale the proportion. 

A foot-rule with 110 inch markings is a crude 
iiistnimeiit to measure the height of a man ; but, 
still it can be used usefully to liiid out wdiether A is 
taller than H. Vital statistics arc useful guides to 
measure the growth of ])opiilalion. Deaths began 
to be registered in <jiir country since iNOg ; and 
births since iSt)2. We know huw iiiaceurate the 
registration (if such vital occurrences W'ere and still 
are. Hut their aeeiiraey lias increased very greatly 
.since Dr Heiitley’s admiui.stialion of Public 
Health Department ; and is progressixely increasing 
with the i>rogr(!!5.s (if literacy and the dev'elopment 
of the local self-gove/iiiiig institutions. They there- 
fore a fiord a rough measure to te.sl the accuracy of 
the census statistics. They are the fool-rule with 
w'hich to compare the uiler-ceiisal growth of 
population. 

With reference to the growth of population 
between iSgr and 1901 vSir luhvard Ciait in the 
Ucn^al Census Report of igoi says: — ‘‘(Generally, 
therefiirc, it appears that the difi’ereiice belw'cen the 
Uital number of liirths and deaths sluiwn in the vital 
statistics returns ulTords a very close approximation 
to the actual growth of the poimlalion.” For 
Heiigal, Hihar and Orissa registered births and 
deaths accounted for (;)4*i per cent of the increase 
recorded during the census (iperalions. 

Vital stati.slics accounted hu' more than 62 per 
cent, of the iiicruase between 1901 and 1911 ; 59 per 
’ cent, of tile inerea.se in the next de(\ide ; and only 
4b per cent, in the last census decade of 1921-1931. 
In India outside Heiigal the vital statistics accounted 
for 80 per cent, of the increase recorded in the 1931 
Census. Here in Heiigal the discrepancy is twice 
greater. It is an admitted fact that the accuracy of 
registration of births and deaths in Hengal is in- 
creasing. And their progressive failure to account 
for the census increase is a sad commentary on the 
accuracy of the census enumerali(m. Vital occur- 
rences are collected by a permanent agency ; tested 
by a difTerent louring inspecting staff and the 
average error of oinis.sions found is of the order of 
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4 or 5 per cent in the case of both births and deaths, 
and consequently the error in the increase of popula- 
tion is of the order of i per cent ; there is a sanction 
of fine and prosecutii>n for non-re.qislration. Pro- 
secutions for non registration of births and deaths, 
though comparatively few, are regularly instituted 
year after year. As against that we have a huge tem- 
porary unpaid staff of non-officials, who are likely to 
be out of pocket if they are to discharge their duties 
elficiently, with practically no very close supervi- 
sion, and with practically no sanction behind it. 
One caiinol inslilute a prosecution for false enumera- 
tion without the sanction of the Provincial Govern- 
ment, which in practice means considerable delay 
and expenditure of money. And when the sanction 
arrives, the documentary evidence — the enumeration 
slips— are cut up for statistical purpose and arc 
therefore not available. 

If we assume that the order of accuracy of the 
vital statistics registered between 1921 and 1931 to 
be the same as those registered between 1911 and 
1921, then of the census incrcavSe recorded between 
1921 and 1931 (7 3 per cent of the total popula- 
tion), 59 -4(5— 13 per cent is due to the exaggeration 
in numbers. Working it out as the percentage of 
the total poinilation it conies to about 95 per cent. 
Or in other words, the inaccuracy of census enumera- 
tion is of the order of i per cent. 

(ii) Social customs and social habits die hard, 
especially in the interior of rural Bengal. If there 
is any change, it is slow and likely to be in the same 
direction. Family instinct is very strong among 
the people of Bengal ; they live in families. This is 
especially true of rund areas. In our censuses, 
houses as well as persons are enumerated. Houses 
being more tangible, permanent and fixed, the 
chance of a house escaping enumeration is very 
much le.ss than that of a man. In our opinion if 
the chance of a house c.scaping enumeration is 1,’ 
that of a person c.scaping is roo. From the number 
of houses, and the average of i)cr.sons living per 
house, we can gel the numlier of persons. 

If we coniine ourselves to rural areas where the 
poi)ulatioii is mainly agricultural and fixed, and free 
from the disturbing inlluence of casual and tempo- 
rary migrants as in towns, and where people live in 
families, as opposed to artificial messing together in 
towns or urban areas, we can get a much Ixitter and 
truer estimate of the population from the number of 
houses. 


From the number of occupied houses in villager 
and number of people residing there, we get tlk 
average number of persons per house. The figure . 
for the Several divisions of Bengal are : - 


Division 

Average iiunrijer of ])ersons per h< 


1921 

1931 

Burdwan 

4-56 

4-36 

4-53 

Presidency 

512 

508 

511 

kajshahi 

5-.i9 

5 34 

5-31 

Dacca 

5-47 

5-46 

5 49 

Chittagong 

5-48 

5 42 

5-40 




. - - ... 



The average number of persons per house vvms 
decreasing between 1901 and 1921 in every division ; 
and it has also decreased in Kaj.shahi and ChittagoiiL 
in J931. But in Burdwan, Presidency and Dacc:i 
Divisions the process has been not only arrested but 
reversed. This is hardly to be expected in rural 
Bengal. 

If we attribute this smldeii reversal to be due Uj 
the exaggeration in the mimlx*r of persons, we gt l 
an estimate of the number so exaggerated thus : 


Division 

No. of 
houses in 
1931 

Dillcreiice in 
average No. of 
persoii.s between 

1921 8: 1931 
Number of 
i)f persons 
exaggerated 

(1) 

(2) 

(3) 

(4) - (2) x(3)- 

Burdwan .. 
i’lcsideiicy 
Dacca 

17,30,362 

15,89,886 

24,44,843 

4 53 - 4 36 0 17 

5-1 1-5-08 -0-03 
5-49 - 5-46 - 0 03 

29-1, 101) 
47,700 
73, 3.^(1 




ToUii 415,150 


And this for a rural population of 44,381,158 iti 
1921 works out to ’93 per cent or in other words tlic 
exaggeration is of the order of 1 per cent. 

(Hi) In 1Q31 each enumerator was to begin tlu 
lireliiniiiary enumeration with the filling up ot 
schedules carrying as many as 18 columns on the isl 
of January and to finish the same by the ist 
February. Even if he has enumerated evci> 
person, by the lime he submits the prcliminai} 
eiiumeratiuii list for test by the supervisor the li^' 
will l3e out of date by half a month. The niunlK. 
of births in 1931 was 13,88,219 ; in 15 days tliciL 
may be as many as 58,000. The number of dealli.' 
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in January, 1931 was 105,002 ; in 15 days 53,000 
deaths too place. 

On an average each supervisor has to deal with 
10 or 12 enumerators, and check entries relating to 
as many as 400 to 600 houses (see Census Code, 1931, 
Pp. 16 and 53). He ‘hnust examine every entry 
in every lx>ok in order to make sure that the rules 
have been properly observed.” He must lie parti- 
cularly careful to see that columns 4, 8 and 0 to 12 
[i.e.f entries relating to religion and sex ; caste, 
Irilie or race ; whether earner or deiieiulent ; the 
principal and subsidiary occupation and the industry 
in which employed) of the schedule are correctly 
Idled. He is also to sec that all persons in every 
house in his block has been enumerated. He has 
got so many duties to perform with regard to the 
entries that he finds very little time for house to 
house visitation. He must do all these between the 
ist and the 24th of February ; and return the 
schedules to the different enumeration for final 
census on the night of the 26th February. Even if 
wc assume that every supervisor has done this very 
c.nefully, in the normal course of events, he will be 
out of date by 12 days. 

On the night of the final enumeration, every 
emimerator between 7-0 r.M. and mid-night is to 
correct the preliminary record by striking out entries 
relating to all persons who have died or gone away 
and inserting the necessary particulars for newly- 
born children or new-comers. New entries will be 
made only at the end of the book. 

Theoretically all this is possible ; but we doubt 
Very much whether in practice this can be done with 
data out of date by at least a month, if not a month 
and a half. The number of vital occurrences in a 
month total 220,<X)() ; and if these are not properly 
recorded, for a population of 510 lacs, the enumera- 
tion is inaccurate by 0*4 per cent. No doubt births 
and deaths eliminate each other to some extent ; 
t nt to this we must add the ncw-comers, or casual 
and temporary visitors. 


When we remember that there were nearly 
300,000 enumerators in 193 r ; and when we remem- 
ber the fact that even in Calcutta final enumeration 
was not possible in certain areas, if \Ve allow i 
mistake of enumeration to each enumerator, the 
inaccuracy of enumeration comes up to o‘6 per cent. 

(tv) There is an excess of married males over 
married females. For 132,28,000 married males wc 
have 126,00,000 married females. Thus there is an 
excess of over 6,28,000 hu.sbands mostly confined to 
the Hindus. This excess may be due to two 
causes : (/ ) inaccuracy in the census enumeration, 
and (//) immigration of married males leaving their 
wives at home. In 1921 the number of married 
males was to(),37,ooo and that of married females 
was io5,62,fX)o. The excess of married huvsbands 
then was 3,75,000. This time the excess has 
increased by 6,28,000-- 3, 75, (X)0” 2,53,000. 

Tf it be due to immigration, we would expect 
an increase in the number of immigrants into 
Jlengal. Rut the respective numbers of immigrants, 
male and female, in the year 1921 and 1931 are: — 


Year 

'Potnl 

TVFnles 

Females 

1921 

18,17,775 

12,68,828 

5,48,947 

1931 

17,26,370 

12,18,0.^8 

5,08,332 

Deere.'^so 

91,405 

.SO, 790 

40,615 


We find a decrease in the number of immigrants. 
The decrease is as much as 5 per cent. 

If the excess is due to the inaccuracy of 
enumeration, it means that for a poimlalion of 510 
lakhs, the census has failed to account for 2 ’53 lakhs 
wives. The error of enunieialion comes up to o’5 
per cent. 

So in our opinion the claim for an accuracy of 
one per millc for ihe 1031 Census of Bengal is not 
justified. 
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study of virus diseases of idatils has of late 

Ikcohic one of the active Ijranchcs of plant 
patliolojjy. Despite the great interest these diseases 
have excited, there exists hardly any acid test to 
show conclusively that any given disease is a virus 
disease. Jhit certain fejitures stand out clearly. As 
a rule, the symptoms are uniformly spread over the 
entire plant and take the form of mottling, streaks, 
and lesions on the leaves, or on the stems ; dis- 
tortion of the whole r»lant and alterations in the 
colours of the flower. These symptoms, like streaks, 
mottling, and distortion are conspicuous on the 
young leaves and growing points of the shoot as the 
viruses have a destructive elTect ui)on the chloro- 
phyll apparatus. The diseases are infectious and of 
the 'nature of obligate parasitism. The plants are 
not outright killed by the virus agents, unless infec- 
tion occurs in the young or seedling stage, but they 
appear to f)avc the way to attack by other disease 
agents as due to poor nourishment the plants become 
more susceptible. 

The llrst record of virus disease was i)ublished 
by Charles 1 ’ Iwluse in 1576 on a variegation in the 
colour of tulips, which is now called “breaking” and 
is recognised to be due to an aphis-transmitted virus. 
Near about 1770 the agricultural community was 
greatly perplexed about a disorder, or rather group 
of disorders in the potato cro]) known collectively 
as the “curl -disease”. For many years the disease 
was regarded as the result of prolonged vegetative 
rcprcHluction that had induced an incurable “senile 
decay”. Later on the works of Quanjer (1916), 
Oortwijn Botjes (1920) and various others gave a 
death-blow to this theory of “in-breeding”, or 
“senile decay” and now the degeneration has lx?en 
found to be due to contamination with viruses. 

In iS<S6 Mayer described a disease of the 
tobacco plant as Mosaikkrankheit — a term now widely 
used for describing the mottling type of virus 


diseases (mosaic), lie was able to demonstrate bolli 
the infectivity and the absence of any fungi ar 
bacteria in the infective juice. But a scientific 
demonstration of the existence of a fdterable vini^ 
was however made in 1892. Iwanowski proved that 
the sap fnan a diseased plant was infectious to 
healthy plants after passage through bacteria- proof 
filter. The discovery passed unnoticed uiilil 
Beijerinck, seven years later, repeated the work ami 
propounded his theory of a “Contagiiim vivinii 
fluidum.” 

The relationship of plant viruses with inseits 
forms now a fundamental part of the study of the^i. 
interesting disease agents and the first definite proof 
ill this connection was given by Takami, a Japanesi. 
worker in the year, ioot. 

Thk Naturr or Vikusrs 

Our information about the hetenjgeiious collec- 
tion of these disease-producing agents is still iiicoin- 
plete in some respects and it is rather difliciilt to giw 
a positive definition of a virus. The definition of 
three main lu'operties, vis., (/) size below the resolvine 
power of the ordinary microscope ; (it) ability to jtass 
through porcelain filters, and (Hi) inability to 
multiply in the absence of living cells, has Ik-cii 
criticis^^d by various workers on this field. Ganliicr 
however supplies a working definition of the virus 
as “agents below or on the borderline of nncrosc(»pi- 
cal visibility which cause disturbance of the function 
of living cells and are regenerated in the process.” 

It will not be out of place to mention here lln 
general trend of scientific opinion on the nature ci 
these disease-prod vtcing agents. The first question nl 
surpassing interest is whether these agents are livin.*. 
or non-living and in this connection Aristotle Im^ 
rightly said, “Nature makes so gradual transition 
from the inanimate to the animate kingdom that tli- 
boundary line which separates them arc indistim t 
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ind doubtful.” The theory of living agent supposes 
(lie existence of an ori^anism either of the nature of 
iiiiniite bacterinni or possibly belonfi;inj» to a pre- 
.vllular form of life, whereas Ihe theory of non- 
living Jigeiit supposes the existence of an unorganised 
toxin which possesses the p^wer of ituUicing the 
infected cells to reproduce the agent for their own 
ileslnictioii. ^luch data and facts have liceii pro- 
iliiced by the two schools of thoughts to support 
ilieir respective views. In this confused stale of our 
iviiowledge of the viruses, Rivers* conclusion may 
ho (pioted here, '‘To obtain a lx?tter understanding 
of the viruses it is better to imagine some to be 
minute organisms, while others may represent ' ns 
of life unfamiliar to us, while still others ii oe 
inanimate transmissible incitants of disease.** 


PHYvSICAl, PrOPICRTIKS Ol? ViRUSKS 

1'he most likely avenue of approach to a realiza- 
tion of the true nature of these infective agents is 
the study of their physical properties, but the differ- 
ing behaviour of these agents with different physical 
and chemical agents renders the subject difficult. 

Heat : All viruses whether affecting plants or 
animals are destroyed at relatively low temperature, 
hilt the thermal death-point vary over a wide range, 

between /|2° — oo®C, with different plant virusC'S. 
'1‘lic viruses do not appear to differ materially from 
orditiary liacteria in the reactions to sterilization by 
heat. 

Dcsiccafwn : The virus of tobacco mosaic re- 
mains viable for many years in dried plant tissues, 
while the virus of tomato spotted wilt, cucumber 
mosaic, and the X and Y potato viruses are iiiacti- 
wited by desiccation. This is also true of certain 
animal viruses, e.ff., the virus of dog disteniper will 
uillistand drying for a time, but on the other hand, 
the slightest desiccatiem is fatal to the vir\is of yellow 
fever. 

JAfihi : Dickson has carried out a number of 
^ Npcriincnts on the effect of red, green and blue 
i’.elits of sunlight and darkness upon the extracted sap 
ef diseased tobacco plant and is of opinion that there 
"■'^s an attenuation of the virus in the vials kept 
’Older blue, red and green lights in de.scending order, 
i’Ul found little difference between the red and blue, 
l^arkness and green light were approximately sitnilar 
their effect. 


The effect of ultra-violet light upon plant 
viruses was recently carried out by Arthur, and 
Arthur and Xewell and these workers consider that 
a virus, whatever its nature, can be inactivated by 
extremely short exposure to ultra-violet radiation, 
provided it is sufficiently free from impurities. A pro- 
tective action due to adsorjitioii has been observed 
if tlic extracted sap is contaiiiinatcd with other 
materials. 

Chemicals : The resistance of viruses as a 
group to the action of glycerol constitutes a point of 
difference from the behaviour of majority of bacteria 
which are more intolerant »)f glycerine. Smith has 
found that the i>otato virus X remains viable in 50 
t>er cent, glycerine for 22 days. Klebalm states that 
tlic virus of tobacco mosiiic will resist glycerine for 
several days. 

Allard has tested the reactions of a number of 
chemical agents and finds that ether, chloroform, 
carbon tetracliloride, toluene and acetone have bardly 
any effect on the infective luinciple. Fuknshi finds 
in the case of tobacco mosaic virus, that oil of 
mustard in 2 per cent and digilalin in 5 per cent 
inactivated the virus in 5 days. Nicotine and 
atropine in 1-2 per cent concentrations were toxic 
to the virus. 

The effect of alcohol upon a number of virns(.*s 
lias been investigated. Viruses of the tob.'iceo mosaic 
type will witlistand alcohol for some hours up to 
concentrations of go i>er cent. Potato mosaic viruses 
are le,ss resi.staiit and are destroyed by 75 — So iK*r 
cent alcohol, while the \’iriis of bean mosaic is 
relatively iiitoleniiit being unable to withstand 25 
per cent alcribol for minutes. Tobacco necrosis 
lias recently been described to 1)0 the most resistant 
virus to the action of alcohol. It remains viable in 
(‘)0 per Cent alcohol for .pS hours or even longer. 

• 

'fhough plant viruses are iiK^re or less resistant 
to certain percentages of alcohol, few plant viruses 
are able to withstand f(.irmaldehyde. 

Tlie experiments with tryiisin and iKpsin 011 
plant viruses is an interesting and important study 
as it is likely to indicate whether or not these agents 
are \)roleiii in nature. T^ojkin and Vinson and 
Caldwell show that pepsin moie likely produces a 
permanent inactivation of the virus, while trypsin 
exercises a virns-inhibitory effect and which is only 
temporary. Until recently, pepsin has been con- 
sidered to have no proteolytic action upon the virus 



452 


SCIKNCK AND CULTURK 


VoL VI, No. ^ 


of tobacco mosaic and related strains, but this view 
has recently been challenged. Both taka-diastase 
and inalt-diastasL* freshly prepared from barley had 
an effect similar to that of trypsin. 

Recently however the behavif)iir of viruses in 
vitro has been studied in greater detail, and some 
viruses have been found to be amenable to the 
physical and chemical techni<iucs used for investiga- 
tion of mf)lecular substances, and as these methods 
are increasingly applied, the properties of the virus 
particles are found to resemble those of protein 
molecules much more closely than those of organisms. 

Scrohj*ical Studies : Animal viruses are en- 
dowed with the power of inducing in their hosts a 
variety of antibodies, but this phenomenon is less 
well known in the case of plant viruses. A number 
of serological investigations have been carried out 
and the rabbit was the animal employed for the pro- 
duction of anti-.serum. Tt has been shown that 
antibodies produced in rabbits in response to injec- 
tion with ])lant virus suspensions have the power of 
neutrali/iiig or ina^'tivating the suspensions of these 
viruses. It should be noted here that the injeetion 
of plant virus juices showed no pathological symp- 
toms in the rabbit, nor any such virus agent is yet 
known which is pathogenic to both plant and animal. 
The neutralizing power of the aiitilwdies produced 
in this way is rigidly specific, c.g., tobacco mosaic 
VMius is inactivated only by anti-tobacco mosaic 
scrum ; cmmmber mosaic virus only ])y anti- 
cucumber mosaic serum ; and tobacco ring-spot virus 
only l>y anti-tobacco ring-s]^nt serum. 


Si/K or Vtkus IMktici.ks 

'riiere arc two main methods by which the size 
of virus particles have been calculated ; (f) Barnard’s 
ultra-violet light photography and (ii) l\lford’s ultra- 
filtration by means of ether-alcohol collodion mem- 
branes. The table on the next column shows under 
one heading particle sizes of viruses (animal and 
plant), bacteria and protein molecules, for easy com- 
parison. Rivers however comments on these data and 
says, '‘Many of the workers seemed in no way con- 
cerned alx)ut the possibility that they might have 
been estimating not the magnitude of viruses, but 
the size of particles of degraded cells to which the 
viruses were attached. Unfortunately, none of the 
figures can be accepted without reservations. At 
present the exact size of no virus is known.” 


In this connection the recent discovery or 
Stanley and others is worth mentioning here. Ii 
1 0^6 vStanley prepared a product of crystalliiu 
characters from the juice of mosaic-infected tobaec< 
plants, lie claims that the crystals represent th 
virus agent and are protein autocatalytic enzyme- 
These crystalline virus agents, on introducing into a 
suitable host, bring about the transformation (.! 
normal cell constituents to a like body. F. C 
Bawden has improved on Stanley’s technique and 
has been able to obtain readily such crystals from 
/ariaut types of tobacco mosaic. These crystal'^ 
^ o* uit in the normal tobacco juice. The cryslal> 
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from the three sources arc identical in appearanf 
and physical i)ro])crties, and on inoculation to heallln 
plants bring al»ut the original specific symiiloni'’. 
The crystals consist of protein, but whether tlu^' 
crystals arc in fact the virus agent cannot finssilib 
be affirmed, but thal they contain the virus in a higlily 
ctmeentrated form is certain. It may be tliat tin. 
specific virus particles arc adsorbed to this erystalliiu- 
form of protein. vStanlcy and Wyckoff have isolated 
a similar crystalline body from plants infected \vlt1i 
Wingard’s tobacco ring-spot and also non-crystal line 
heavy proteins from plants infected with virus of tin 
potato and cucumber mo.saic. 

Immunity 

It is probably true that there is no acquircdi 
immunity to viruses in plants, but certain species 
appear to have a natural immunity to a specific 
virus which affects other closely allied members 
the same group, e.g., Potato mosaic virus Y sceii s 
unable to infect Datura stramonium although it ^ 
very susceptible to the other potato mosaic virus X 
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Price liowever describes otic exceptional cavSc of 
ipparent acciuircd immunity to a ring-spot virus on 
Vicotiana. He lias found that various spcoivs of 
sicotiaiia on inoculation with the ring-spot virus 
luvclop typical symptoms ; later on, these plants 
la'over and finally ai^>pear normal. I'urther iiiocula- 
lioii of such recovcrcil plants with the ring -spot 
\iriis fails to induce fresh symptoms of the virus. 
The fact that such recovered plants iiuariably coii- 
uiiii the virus in full virulence and that plants 
jjn'diiced from cuttings of recovered plants still 
.oiitain the virus would seem to suggest that multi- 
plication of the virus takes place within the 
n coveied plants. 

Tilling and Salamaii claim that once a cell is 
infected with a given virus, no other virus can 
..Main an attachment, i.c., the i>resem;e of one of 
llie two viruses protects against infection hv other. 
Here the ]»rotectioii afforded is rigidly specific ami 
celliil.'ir in nature and not humoral as found in the 
c.i^c of animals. Smith suggests that certain viruses 
iiiake use of iiarticular plant proteins and that the 
\inis which imters the idaiit first miiltiijlies and 
]ii(»hil)its the eutraiice of another virus whic'h needs 
similar plant products. 


OP Transmisston 

'rile virus diseases can be transmitted from 
'liseased to healthy plants in a variety of ways. The 
luo more important artificial methods of trans- 
iiiis.sioii arc (i) grafting, and (ii) sap-inoculation, 
uliile the natural means of spread are by (/) seed, 
(ii) transmission through soil, (Hi) transmission 
tlirongh vegetative reproduction of infected idants, 
and (iv) transmission by insects. As space would 
ii"l permit to describe all these means of Irans- 
iiiission, it is dcvsirable to deal briefly the trans- 
mission by insects only. 

The majority types of insects implicated in 
\iias transmission arc those which feed by sucking. 
I’nremost amongst them arc the aphides which have 
keen identified to spread about 25 different virus 
'•’sea.scs. Myzus pcrscicac is alone responsible for 
pleading 14 such diseases. Next come the hopiicrs 
which feed in a similar manner and are responsible 
for conveying some of the very widespread diseases. 
*’<)th these families of insects obtain their food, the 


sap, by means of a long delicate sucking beak, 
the proboscis, an ideal injection apparatus. The 
apparatus is iii.serted between tlie pali.sade cells of 
tile leaf down into the phloem terminals, an area 
most suitalile both for virus multiplication and its 
rapid di.stribiilion about the plant. 'I'lie probosefis 
contains two paiallel clianiiels, down one of which 
ilows the saliva which mixes with the .sa[» in the 
plant, while up the other Hows a mixture of sap and 
saliva drawn upwards by a imisciilar pharyngeal 
jmmp .sitnaled in the head. Feeding on a di.scased 
plant results in the insect’s .-aliva being contaminated 
with the virus and the Insect oil passing to the next 
plant transfers the disease. It appears that the 
proteolytic en/.3'mes of insects are more or less like 
pancreatic tiyi»sin and iidI of the pepsin type and 
as trypsin apparently does not digest viruses, there 
is every likelihood of the virus remaining in an active 
state in the vector. 

As leg an Is the increase or miiltiplicatiuii of the 
virus agents williiu the body of the x’ector, a survey 
of tile different vectors show that both types exist. 
'I’he leaf-boi)i)er vector (Cicaiiula acxuotata) ; of 
aster yellow ; the vector (liutetUx Icncllus) of 
sugar-beet curly-top anil other vectors are capable 
of retaining the iiower oi infection for a considerable 
length of lime. Considering these examples of 
prolonged retention of virus, it is dillicult to deny 
the iiiulliplicatioii within the insect. There is how- 
ever a delay fiom several hours to several days, in 
the development of the infective power. This delay 
has iK'eii accounted for in two ways, h'irstly, it may 
be that the virus takes some lime to pass through 
the gut wall into blood and liack to the salivary 
glands before it could be ejected again. This pro- 
cess might account fur delays of hours and not for 
flays. The second view supposes these delays to be 
due to multiplication of the virus agents inside the 
insect, cither in the salivary glands, or elsewhere 
before an infective ‘dose’ can be produced and this 
delay is called the “incubation period”. There is a 
goixl deal of evidence in favour of this view which 
at the same time also raises the possibility of an 
obligate relationsliip belween an insect and a plant 
virus. This relationship depends upon a variety of 
factors, viz., method of feeding, ]ill of .salivary 
secretion, en/.yines present in the saliva, permeability 
of the walls of the alimentary canal and other 
possible anatomical characteristics. 
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I{C0N0M 1C IMKIRTANCK 

The iiiipurlaiicc and value of the virus diseases 
affecting i'uiimals and men miglit outweigh those 
affecting the plant world, but a iiionient’s thought 
would convince us that if these distjrders in plants 
are mU checked, they would endanger many of our 
stai>le fo(Kl crojis and through want or malnutrition 
would invite troubles of no levss magnitude. An 
endeavour has been made here to iiresent some 
figures showing the actual reduction in yields of more 
important croiis brought about by this kind of 
infection. 

potato : Brown and Blackman have carrieil 
out Held experiments and slnnved that the percen- 
tage drop in cropping jiower varies from 7 to 20, 
the average being ii’tS jjcr cent, and the corres- 
ponding reduction in yield is about 1*2 tons per acre. 

Whitehead computes the loSvSes in yield of the 
potato crop due to leaf-roll to lie between 45‘f) — 55 8 
l)er cent. In Oerniany the loss in potato crop due 
to two important diseases of mosaic and leaf- roll is 
round about 20-30 per cent. In Kngland potato 
virus (livseases known as Y ami transmitted by 
aphides are supposed to be the most serious from the 
point of view of crop production. 

Sugar-cane : Far is showed that the reduction 
in the weight due to the use of mosaic seed is 62 ’g 
per cent. In two series of tests the average annual 
losses from mosaic over a 5-year and a 3-year period 
respectively were ii and 8 tons of cane per acre. 

Tobacco : The reductions due to mosaic 
disease have been variously assessed at 30-50 per 
cent in yield and 50-60 per cent in value. The 
reduction in (juality is more marked than that in 
yield. 

Cotton : A serious disease known as “Teaf* 
curl** reduced the yield in a severe attack by 312 lb. 
of iinginned or 99 lb. ginned cotton per acre. 

Various other plants : Small cucumbers for 
pickling has been seriously threatened by the pre- 
valence of cucumber mosaic. The curly-top disease 
of beet affects the reduction to ^ of that of normal 
crop. In India the virus di.sease of Sandal known 
as “Spike*’ reduces the value of the yield by 50 
per cent. 

The above are more important examples. There 
can be no doubt that the last few years have seen 


a slow but steady realization of the importance o: 
study of this group of disea.se-producing agents. 
There already exists in foreign countries univer.sit\ 
departments for the investigation of this type u 
disease and the time may not Ik* far distant when 
similar departments will have ,to be created in th.. 
universities of this country also. 

Control 

The (luestion may now be avsked alKjut the pro 
lection against these pests from whose attacks thei\- 
is hardly any recovery for plants. Attempts Ikivl 
been made along several lines and a brief outline ui 
them is given here. 

The ruthless eradication of diseased plants, 
called ‘rouguing’ has been practised with some suc- 
cess in some of the virus diseases. The metlKnl 
must be employed before the disease has spread too 
widely in the crop. Suscei)tible weeds or othu 

plants which act as reservoirs should also lu 

removed from the vicinity. 

It is also desirable not to grow in close proxi- 
mity, two such crops which are susceptible to tlic 
same virus. Protective field measures against the 
insect vectors should be adoi>ted since virus diseases 
depend mostly upon insects for transmission. Pro- 
tection can partly be achieved l.)y direct attack 011 

insects with the aid of chemicals, by tlie use ol 

parasitic insects which prey on these insect vccUa.s 
and also by cultural methods, i,e,, by protecting llic 
crop in the seed-beds with screens. 

The proiluction of virus-resivStant varieties of 
plants is by far the most promising method. vSeveial 
good varieties of niosaic-resistaiit sugar-cane, knowji 
as Uba, and I’OJ strains have been produced. 
Similarly two strains of cotton resi.stant to leaf-ciiil, 
and designated as X1530 and Xr73o have beta 
evolved. Success has also been obtained with lung 
Chinese variety of cucumber against mosaic. 

It has been previously stated that inoculation of 
a plant with a weak strain of a virus will prutccl 
that plant from invasion by a more virulent sln'm 
of the same virus. A practical use of this plu n *' 
mcnon (vaccination) is being attempted and there 
reason to hope that it may succeed. Much work 
potato and tobacco on this particular line has 
taken up in various countries. 



h'ebruary, 1941 


Plant VirUvSHS 


455 


Kiinkel claims that if youiift peach trees siiffer- 
iij» with yellows and rosette, are subjected to hish 
■ L-mperaturcs varyiii** from 34o°C. to 36'3^C. for 
I wo weeks or longer, they may l)e cured of virus 
iliseascs. 
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Largest Solar Observatory in the World 

vSsiMK ict'L'iil additions im'liidiiiK a 70-ft. tower 
telescope ‘iiade to McMath-Hulhert Observatory of 
tlie Uiiiveisity of Micliigaii located at Lake Aiigeliis, 
Pontiac, Michigan, make it the most well-e(|uipped 
observatory for studies ot the heat, magnetic and 
other energy conditions of the solar surface. The 
observatory was started in 1929 as an amateur under- 
taking by R. R. McMath, 11 . vS. Hulbert and late 
h\ C. McMath and ixjssessod only a io}.2 in. 
reflecting telescope. In 19.31 it was made over to 
the I'niversity of Michigan and soon after with the 
help of a spectrolie.Uo-kiiiematograph attached to the 
io)ij in. reflector the linst successful motion picture 
of a solar prominence was obtained. It also became 
evident that many short-lived solar phenomena, the 
existence of which had not been hitherto suspected 
could be photograiflied. The addition of a 50-ft. 
tower telescope, in 1930, has made it i)ossible to take 
400,000 individual photographs during the past four 
years, yielding results of great interest and value, 
h'ilnis of motions of solar prominences have been 
obtained and much has been learnt alxiut the 
character of the motions and changings on the 
turbulent surface of the sun. Many questions still 
remain unanswered and attempts will now be made 
to gather information regarding the temperature.s of 
the streams of flaming materials, speeds of which 
have been found to l.>e ten to fifty or more miles pef 
secoml. More accurate knowledge of the electrical 
conditions accompanying these solar storms and their 
connection with such familiar phenomena as the 
aurora, magnetic storms and interference with radio 
reception will be sought out. The installation of the 
70-ft. tower tele.scope will thus help to carry out 
investigations much more in the field of physics than 
ill the iield of astronomy, 'file searching for the 
real reasons behind solar [flienomcna employing a 
powerful instnimcnt and the most advanced techni- 
ques of modern phy.sics and astronomy will surely 
lead to discoveries of great scientific interest and 
value which may even lend themselves to practical 
terrestrial appl ications. 


Influence of Sound on Chemical Reactions 

Lv a recent commiiiiieation to the American 
Chemical vSociely, Dr W'alter C. >Schiiml) of Mas.s,i 
chuselts Iiistitule of Technology lias reiiorlul how 
sound can speed ii]) llie rate at which certain chemic.ii 
reactions take place. It has been geiieially assiuiinl 
by .scientists that intense sound accelerates ceiliiiii 
chemical reaclions Ihoiigli it lias never been expiii 
mentally inoved wliellier the increase in aetivii;, 
lakes place because of the noise itself or as a re^iili 
of heat energy traiismiUed by the mechanical vil)i.i 
lions. Dr v^cliiimb ami his collaborators have slu>\\ii 
by means of direct experiment tliat a vibrating nicl.el 
tube partly immersed in a sohilion is able to 
accelerate chemical action even when llie heat eflei ts 
resulting from mechanical vibrations are careful l.\ 
balanced out. The reality of the effect of sound on 
chemical reactions has thus been established. W ithin 
a .short time many successful attempts of ajtplyiii'.' 
this form of energy and finding new uses of the 
vibrating unit have been rejiorled by other workei>, 
amon.g which may be mentioned the partial steiili/a- 
tioii of milk, the prejiaialion of various kinds ol 
emnlsions including pliotograiihic emul.sions and the 
bringing about of certain oxidation processes. 


High Speed X-ray Photography 

At a meeting of the American Physical Society 
held on June 21, 19.10, some shadow photographs 
showing the motion of a Inillet passing through a 
block of wood were shown and discussed. For smh 
ifliotography to be successful the exposure has got h) 
he short enough and the pliotographs were taken hy 
using a very brief electrical .surge of high vohii;-< 
ami ampera.ge .got by charging a condeiLScr in sevci.h 
seconds and then discharging it through the X-nn’ 
tid^e. During the space of time necessary to lal e 
the photograph, the X-ray tube will carry a current 
of nearly 2,000 amperes at 100,000 volts. In phol'!* 
graphing rapidly moving objects, a fine tungsten 
wire connected in the timing circuit is broken hy 
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ilie moving object in order that the energy stored in 
;lie condensers is released just at the correct instant. 
I'liis method of high speed X-ray photography will 
ind ami)lc ai)i)licatioiis in the study of internal 
drains in rapidly moving inacliine parts and in the 
hones of the In^dy in vigorous action. 'I'his new 
type of X-ray tube and tcchni(|Ue have been developed 
111 the Wcstinghouse lamp division by Dr C. M. Slack 
.md his as.sociates. 


Stature of Man 

TKMricuATUKK and not diet lias a definite effect 
nil the vStature of man, is the opinion expressed by 
Dr Clarence A. Mills, professor of medicine at the 
Tniversity of Cincinnati Medical College. As a result 
of studies on (15,000 students in North Carolina, 
Kansas, Kentucky and Wisconsin showing a teiideiicv 
towards decrease in stature as com|)ared with pa.sl 
•generations and correlating these studies witli similar 
le^ls on animals. Dr Mills reports that a rise in tem- 
pL-rature is associated with a decrease in height. 
Tlieir studios delinitcly indicate a reversal of the 
leiuleiicy of former generations to grow taller and 
rea('li early maturity. That tins ('aiiiiot be attributed 
In influence of diet is quite (dear, from tbe fact tliat 
tliL- present generation of college students is ipiile as 
'\cll fed as tlieir immediate taller forebears. Dr J. W. 
Colvin of Cineinnali lias also carried out animal tests 
to sbr>w tliat diet is not tlic eontrolling factor. 'I'wo 
M’oiips of animals fed on the same diet and otbeiwise 
plaeed under similar physical conditions, were* ke])t 
at temperatures of (15 degrees and go degrees. Those 
laised in the warmer environment were found to be 
definitely shorter in stature. Further evidence was 
presented bv Dr ATills showing a relation between 
a reeiirriiig temperature cycle every i,ono years and 
the stature of man during the different periods. 
Ai cording to Dr Alills there was high temperature 
iiiaxiiiinm during the Dark Ages and during tbe 
Mine period man’s stature fell down by four inches 
I l oin the days of (h ecce and Rome. These are 
M rifled from the suits of armour in the Tov/er of 
f.oiidon, which would not fit an average lad of 
thirteen today. AVxiut a century ago. Dr Mills 
observes, a new t,ooo year cycle was entered and 
the temperature is again on the rise and if his theory 
IS correct we are again beginning to lo.se in stature 
once happened during the Dark Ages. 


Large Calcite Deposits in Maxico 

A VKiN of vitreous material accidentally discover- 
' d by a Mexican prospector and thought to be of no 
'■line has turned out to be one of the biggest and 


most valuable deposits ever discovered. Around llic 
borders of the crystalline deposit calcite crystals 
up to ft. across were found to grow out into the 
clay bed. Xo such fiml lias been discovered .since 
the opening of the Iceland spar iniiie at Ildgnstadin. 
Alessrs Ilanstdi 8:1 Tomb, tlie well-known dealer or 
optical grade calcite has contracted to take the entire 
output of o]dically suitable crystals from the mine. 
Within three months mf)re than 500 inniiids of line 
.siiar crystal have been taken out. The most 
important ii.se of calcite is in the conslniction of 
Xicnl prisms which are used in the construction of 
many scientific instruments designed both for labora- 
tory purposes and also as an aid to industry. The 
new source of tbe mineral, practically the first to be 
discovered in America, adds additional jnoteetion to 
tile optical industry. 


Improving I^ubricating Oils 

Tiivr the projierlies of lubricating oil, so far as 
it.s v\ear-i>reventi()U (pudilies are concerned, may be 
greatly enhanced by the addition of two chemical 
reagents lias been oliseived l)v re<eari*b workers 
working in the lalxnatories of the vSliell DevehMuneiit 
Company, C'alifoniia. The names of the reagents 
have been kept secret but tlieir functions have been 
explaiiie<l. 'I'lie liist reagiiit consists of organic 
molecules having the form of long threads, which in 
virtue of their iieeuliar slrueture, are able to adhere 
by elieiiiieal fori‘c*s to the surface of the metal. They 
consequently greatly increase the tightness with wliicli 
a film of oil is lield between tlie moving metal 
surfaces. 

Tbiless the metal surfaces themselves are highly 
ptdished and maintain their high polish, lubrication 
cannot iiroduce fully satisf.actoi y effect. Fben tbe 
best i)olisli by mechanical means leaves microseopic 
irregularities on the surface, 'riie second reagent lias 
the ])ropeity of combining, under the influence of 
heat generated due to rnlibiiig, with the surface layer 
Af the metal to form low melting point alloys. The 
chemical iiolishing agent is so chosen that the whole 
.surface of the metal does not melt or grow hot, but 
only the minute projecting irregularities melt and 
How to a high degree. T^aboratory tests have shown 
that tbe wear projicrties of liiglily refined white oil 
can be inir»roved ten times by the addition of the 
cbeniical polishing agent alone. W’beii tbe adhesive 
agent is also used it is increased to nearly 17 times. 

Extraction of Metals from Low-grade Ores 

Mktai.s which at first appeared to be of little 
])raclical importance arc often found to have impor- 
tant ii.ses with later technical developments. vSucli 
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has been the story of tungsten, molylxlenum, 
manganese, ehroniiuin, aluininiuin, etc. Moreover, 
times of internalioiial stre.ss necessitate the utilisa- 
tion of siil)stitnle products for conventional materials 
and also the exi)loitation of low-grade resources which 
at ordinary times are ignored. II. C. Weber of the 
department of chemical engineering, Massticliusetts 
Institute of Technology, has after several years of 
research ilevised a process for the extraction oL boron, 
berryllium, zirconium, titanium and tungsten from 
very poor ores. Some important u.ses of the above 
metals are already known ; military exigencies, avail- 
ability and technical advances will surely disclo.se 
other uses on a wider scale. Ilerrylliuin is at present 
used in alloy with eo|)per for springs to carry electric 
current. Zirconium has been recently used as a 
plating on the anode of certain radio-tubes. Roron 
which is extremely hard and resistant to corrosion 
will pn)bably find some use as a plating on metals to 
provide a hard non-corrosive surface. Titanium 
tetrachloride is being largely used in military smoke 
screens by airplanes. Roron trichloride may find a 
.similar use. Only low-grade ores containing these 
metals are found in U. vS. A. 'I'lie process devised 
by W’eber is especially applicable to these types of 
ores. The process consists of a simplified and 
improved technicpie of volatilizing the metal as a 
chloride from the ore by mixing the same with 
carbon and passing chlorine or hydrochloric acid gas 
over it. The metal is then reco\’ercd by reducing 
the chloride and it is practicable to recover the 
chlorine. The o])erati(jns may be carried on at 
relatively low temperatures thus obviating the 
expenses of altering and maiiilaining very high 
temperatures which would be iieccssaty in the earlier 
chlorinat ion iirocesses. 


Aluminizing Mirrors for Astronomers 

LakCiK reflectors used in astronomical telescopes 
were so long formed by dei)osiling thin films of 
silver on accurately gronnd glass surfaces, bu,^ 
recently it has been observe<l that films of aluminium 
provide in certain resjjects an im])n)veinent o'ver 
silver films. The reflective power of silver in the 
visible range is as high as go per cent but in a few 
months time it drops driwn to less than 6f) per cent 
due to tarnishing. Aluniiiiinm on the other hand 
])ractically retains its initial reflectivity of 88 per 
cent for a much longer period and has the additional 
advantage of po.ssessing a reflectivity of 6o per cent 
in the ultra-violet region, where .silver drops down to 
less than ro per cent. In the Ma.ssachu setts Institute 
of Technology has been devised an apparatus for 
aluminizing Ic’-gc reflectors and already a number of 
mirrors belonging to Harvard Observatory has been 


successfully treated. The operation is carried o^- 
in a high vacuum stainless steel tank housing fil:i 
iiicnts from which the aluinininm is evaporated. Tit 
tank used has a volume of 175 cii. ft. and stan<i 
9 ft high. A vacuum of 10 ''® — to“® mm. of merem 
is maintained inside the tank with the aid of dilTusi(.!; 
pumps and mechanical fore-pumps. Evaporation ^ 
carried out from seventy two tungsten filanieni , 
charged with aluminium which arc arranged on il,.. 
periphery of the glass di.se which must lie carefnlK 
cleansed. The distance of the discs alxive tin. 
mirror is adjusted so that a film of uniform thickiu-s:. 
is pnKluccd. The operation lakes from two to font 
hours during which time the high vacuum has l-t 
be maintained. 


New Technical Institute in Delhi 

111 19,^7, Mr A. Abbott, C.R.E., formerly Ilis 
Majesty’s chief inspector of technical schof)ls, 
Roard of Education, England, and Mr S. H. Wood, 
M.C., director of intelligence, Roard of Edneatioji, 
England, were invited by the Oovcrnmeiit of Tiidia 
to advise on certain iirobleins of educational reorgani- 
zation, particularly in relation to the (luestioii of 
vocational education. 

In pursuance of one of the main recoiniiienda- 
tions of the Abbott-W’^ood Report the Ooveniiikiil 
of India have deckled to convert the existing Oovein- 
meiit High School and Coniiiiereial Institute at Delld 
into a Technical Institute. 

The proposed rnstitule will contain, in addition 
to an experimental Technical High School, pn. vi- 
sion for courses or classes in technical, cotnmervial 
and art .subjects for students already in or prepnring 
to enter employment. Il uill jnovide for an ainiii:il 
intake of 60 pupils. The minimum age at enlrv will 
be eleven and the normal length of the coiirsv 
years. For the first three years the currieuhiiii will 
be of a general character and .similar to that follow id 
in a good middle school so that at the end of ll'is 
.stage it may lx? possible to make transfers from aiul 
to schools i)rovidiiig the ordinary High vSehool comsi'. 
After this .stage the curriculnm will include a cerlnin 
number of subjects of a practical character, c.g., 
properties of materials, the elements of engineering 
science, measured drawing and simple design, 'fhi'' 
.second stage will la.sl three years, the praclH il 
.subjects occupying a firogrcssivcly larger fdace (hirii:^^ 
the la.st two years. It will be possible for the piip!!*^ 
in their la.st year to take a suitable school leax n’-i 
examination without any risk of their course '^•f 
study being unduly circumscrilx?d by examinati n 
requirements. The object of the Institute will he 
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.ffer its pupils facilities to cultivate an interest in 
he wider problems of modern industry rather than 
ii the technical difficulties of particular processes, 
o that upon cnterinj? employment they will briiiR 
bear an interest in their trades or professions not 
. oiifiiied only to the office or workshoj) but embracing: 
i;iore comprehensive aspects, economic, technical or 
.ocioloRical. 

On the recommendation of a selection com- 
iniltce set np by tbe High Commissioner for India, 
,,f which "Nlr Abbott, joint-author of the Ablwjtt- 
\Vo(kI Keport, was a member, Mr William Walter 
W'ofxl, at present principal of the Mid-Kssex 
Technical Collej^c of Arts, Chenisfr)r(l has lK*eri 
;, 1 . pointed principal of the Institute. 


Mineral Resources of the N. W. F. P. 

Tmc North-West Frontier Fr«)vince has an 
iiliiiost inexhaustible source of limestone and rich 
(kposits of ro<h1 (juality white statuary marble and 
li.iiidsoine banded marbles, according: to Dr A. L. 
C«)nlson of the Ocoloj^ical vSurvey of India. The 
mineral production of the Frontier Frovince is 
extremely small and consists almost entirely of salt, 
limestone, marble and road malC'rial. There is, 
however, abundant power available from the 
Malakand Hydro-F'lectric Scheme and Dr Coulson 
thinks that every eneourav,emont should be .t>iven to 
industrial enterprises wishin.Lr to lake advantage of 
this power. 

Discussinji tbe possibilities of cement manufac- 
Inre, Dr Conlson is not at all optimistic of a cement 
works in the bTontier Province coinpetini' success- 
fully witli the existin.e works in the Punjab. 

The only known deposits of coal in the Frontier 
Ihovince are in the Sureli;n' ranine on the border 
of Kohat and Mianwali (Punjab) districts. Abundant 
drijosits of ^>ypsuni are found untouched in the Kohat 
and Dera Ismail Khan districts. 

Tile Attock slates occurring in the Peshawar 
‘lishict have been quarried in several ]>laces for use 
as a building stone. ^JTiey nii^^ht also afford valuable 
loufiiio materials. The acid volcanic rocks of the 
^•ardan district offer abundant supplies of road metal 
'\liicli could have extensive use on local roads. 

Peshawar, Mardaii, Kohat, Paiinu and the Dera 
binail Khan districts arc greatly in need of schemes 
h> develop their scanty resources of surface and 
iindLTgronnd water supply. Dr Coulson jiarticnlarly 
‘I'booatcs the impoumling of flood water to the north 

tile Upper Swat Canal, to meet the increased 
‘^‘■'i»and for water, which is usual during vSeptember 
‘Old October, 


Geolo{$ical Investigations in Assam 

StudiRs in Indians geology reveal the existence 
of thin seams of coal in the Khasi Hills* region of 
Assiini, according to a Rixord of the (Ecological 
Survey of India, just published. Tlie coal bearing 
strata are in close association with the vSylliet lime- 
stone (NTimmulitic) Ijcds. These in turn overlie the 
Cherra Sandstones which elsewhere in Assam are 
known to exmtain large reserves of coal, lii cfiurse 
of investigations it has been observed that this parti- 
cular region of Assam had been the venue of 
im|wrtant geograjdiical ehanges resulting in the 
iinpoverisliment and extinction of the .si)ecialised 
fauna of the Cretace«)iis seas. 

On the Khasi Hills plateau a wide-spread strali- 
graphical and pahicoiitologieal break exists between 
the Cretaceous deposits and the overlving Cherra 
siindstones, which are, however, iierfeclly conbirm- 
able to the siq)erinciiinl)eiit strata belonging to the 
i^ylhet (Nnmiiiiilitic) biinestoiie sl.ic,e. It is there- 
fore natural, observes the Rtconi, that the Cherra 
sandstones should be regarded as llu- basal members 
of the Sylliet (Xiimniulilic) limestones and placed 
in the Tertiary (Kaino/oic) era. 

In the sulnnonlane tracts of the Khasi Hills, a 
l)assage (conformity) occurs which can be traced 
between the beds correspf)nding to the Cheira stage 
ami the underlying Cretaceous stratii. It .seems tlicre- 
fore tliat at the close of the Crelacejuis era llie sea 
retreated .southwards near Tlierriaghat leaving the 
nortlieni plateau a land surface. 

During tlie h'occnc period that followed the sea 
in.'idc a fresh invasion of the Khasi Hills and .sub- 
merged the major portirin of the jOateau extending 
;i few miles north of vSliillong. It was during this 
Iraiisgre.ssion of the sea that the littoral Cherra 
sandstones of the ])latenn area together with the 
overlying >Sylhet (Nunniuilitie) limestones and coal 
were deposited. 


South Indian Epigraphy 

47T vS'iY)nk inscriptkms and copper plate grants 
liclonging to the several ancient vSoutli Indian 
dynasties and some other objects of archaeological 
interest were collected during the year from 

the Madras presidency and the Hombay-Kaniatak 
area. A full account of the.se finds is given in the 
annual report on South Indian epigraphy for ro3t)-37» 
which has recently been publi.shed. 

9 1 photographs of objects of archaeological 
interest including certain rockcut sculptures at 
Pillaiyarpatti and Kunnakkudi in the Ramnad dis- 
trict were also obtained. A few sites containing 
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prc-liisloric ami proto-historic remains in the Tiiiiie- 
velly and Chitloor districts were examined and 
burial urns and pottery were recovered. 

Jn the South Arcot district s<.)me caverns with 
rock-cut beds known locally as the Panrltavarfyarai 
were discovered. These are similar to those found 
in the Pandya country and attributed to the 3rd 
century B.C. 

Of the inscriptions collected in the Madras presi- 
dency, the earliest arc four Brahmi records RoiiiR 
back to about 3r(l century A.D., recovered from 
certain ancient Buddhist sites in the Guntur dis- 
trict. Two of these belon.i^ to the Jk.shvaku Kind’s, 
Vira Prisadata and Khuvula Chantamula, who ruled 
in the Krishna valley and who were resixmsible for 
the splendid Buddhist inonumcnts of Najjar juna- 
konda. 

Of two inscriptions recovered from Sriraniiam 
near Trichiimiioly, one records the establishment by 
a Ileysala j^cneral of the 13th century A.D. of a 
dispensary as an annexe to the Ranj>anatha temple. 
The other mentions the consecration in the place of 
an itnage of Dhanvantari, the Aseiilapins of the 
Hindus. In a memorial tablet of the i6th century 
A.D. engraved on a fi^opuram at Srirangam is related 
the story of how a Vaishnava devotee at Srirangam 
gave up his life by jiiniinng from the top of a j^opura 
as a protest against the stoppage of temple worship. 
Two vSouth Katiara epigraphs of the Vijayanagari 
kings, Hukka and Devaraya 11, in the i.sth century 
A.D. have been found recounting royal endowments 
for the pro])er maintenance of a library attached to 
the well-known nmthu at vSringeri in ^lysore State. 


Technical University for India 

Pr IS understood that the Keorganisation Com- 
mittee of Thoma.soii Civil Kngineering College have 
recommended for converting the College im- 
mediately into a statutory and autononums technical 
university. Other provinces, administrations includ- 
ing Central Government and Indian States, that do 
not possess engineering college of their own, would 
be invited to take advantage of the training available 
in the Roorkee College on such terms and rules as 
the Government may approve. 

They have further suggested that the following 
courses should be introduced in the syllabus of 
studies of the present civil engineering class: — 
(i) photograidiy ; (it) aerial photography ; (///) explo- 
sives, (iv) industrial iisychology ; {v) engineering 
economics. The College should be developed as a 
centre of training in all branches of engineering and 


with that object in view and in order to utilize it 
current resources the folhnving branches of cngineei 
ing should be opened at the College: (i) eleclric.i' 
including hydro-electric engineering, (2) incchanicji 
including automobile engineering, (3) aeronautic:i ! 
engineering, (4) wireless (radio) engineering, (5) chv 
mical engineering, (6) military engineering. TIk- 
Committee are of opinion that immediate ste].^ 
should l)e taken to implement the recommend;, 
lion with regard to the military engineering ami 
aeronautical engineering. Tn addition to the abo\c , 
an architecture cla.ss has been recommended foi 
producing (jualified architects ; and also an eleiiKii 
tary course in architecture as a compulsory siibjcd 
of study for civil engineering students. 

The Thomason College was started in 18,^6 as ;i 
small establishment with three classes to train 
engineering subordinates to be employed in the con- 
struction of the Ganges Canal. The Cf)llegc .steadilv 
grew and was enlarged especially on a schema 
l>repared by Mr Thomason. 

There have since been many reorganisation ol 
the College, the first committee sitting in 1856, 011 tliu 
recommendations of which classes were expanded. 
By 1870 great changes Inul taken place in tlu- 
College ; further reorganization took place in iSi);. 
From 1020 onwards the College reverted to specializ- 
ing in civil engineering and alnjlished the mechanie;il 
and electrical classes. 


Scientists Honoured 

Tiik new year’s honours list this year conl;iins 
the names of seve'-al eminent scientists and scholais 
both in the United Kingdom and India. Prof. Iv \’. 
Appleton, secretary to Department of Scientific and 
Industrial Research in Great Britain is the recii)ient 
of a Knight Ctmimandership, Dr R. T. Teil'er. 
director of parasitology, Kondoii vSehool of IlyginK 
and Tro])ical Medicine has been made a Coiiipaiiinii 
of St. Michael and the list of new Knights includes 
the eminent physicist Prof. \V. U. Bragg. Anion.:; 
the new Indian Knights are included two einineiii 
scientists, Brevet-Colonel R. N. Chopra, pi'ofessor nt 
phannacfdogy and director, vSchooI of Tropi<-iI 
Medicine, Calcutta and Dr S. S. Bhatnagar, dirccl-'i 
of the newly created Board of Scientific and Indn- 
trial Research in India. Their contributions to tk‘‘ 
cause of science in India are well known. We 
with pleasure that both of them have been connect' d 
with ScrKNCis and Cur/ruRR for several years :»s 
editorial collaborators. Wc offer them our congrain- 
lations for the recognition of their services by 
State. We are also glad to note that Prof. 
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Gilbert Murray, the eminent scholar and chairman 
of the lycaguc of Nations Union has been awarded 
the Order of Merit and Dr vS. N. Das Gupta, the 
iiulhor of several well-known treatises on Indian 
philosophy has been made a C.I.K. 


Indian Science Congress Association 

At the annual meeting of the general connnittee 
of the Indian Seieiiee Congress Association held in 
IJeiiares on January 0, Mr 1 ). N. Wadia, niiiieralo- 
-iist, Ceylon Governinent, has been elected president 
lor the 2gth session of the Indian vScieiice Congress, 
wliich will be lield at Dacca under the auspices of 
I lie University of Dacca from the 2nd to the Stli 
January, iy/12. 

The following were elected liiesideiits for the 
dilTereiit sections: — 

Malhcmalics and Slatistics—VroL P. C. Mahala- 
iu)l)is, i)rofessor of physics. Presidency College, 
Calcutta ; Physics — Prof. B. II. Ray, Khaira professor 
nf phy.sics, Calcutta University ; ('licmislry — Dr M. 
(Jureshi, head of the department of chemistry, 
Osinaiiia I .diversity, Hyderabad, Deccan ; (i(.’o/ogy 
Dr Raj Nath, head of the department of geology, 
Heiiares Hindu University, Benares ; (icograt>liy and 
(icodesy Mr George Kuriyaii, head of the dejiart- 
nieiit of geography, Madras University, Madras ; 
laHiiny -Dr X. U. Bor, forest Ixdanist, P'ore.st 
kiseaich Institute, Dehra Dun ; /oology — Dr H. 8. 
kai), assistant sn[)erintendeiit. Zoological Survey of 
India, Indian Musc'um, Calcutta ; Ivnionwlo^y —Ur 
I>. Mnkhcrji, Zoological Ualxjralory, University of 
Calciilta, Calcutta ; Anthrolyoiogy — Dr M. H. 

Krishna, profCvSsor of history and director of 
:iri haeological research, Maharaja’s College, Mysore ; 
Medical and Veterinary Research Dr C. G. Pandit, 
King Institute, Gnindy, Madras ; Agriculture Dr 
Xa/,ir Ahmad, director, Cotton Technological Uabora- 
t'»ry, Matniiga, Bombay ; Physiology — Prof. B. T. 
Krishiian, professor and head of the department of 
l)hvsiology, Medical College, Madras ; Psychology 


and Educational Science— Dr G. Pal, deiiartmcnt of 
psychology, Calcutta Ihiiversity, Calcnlla, and 
Engineering — Mr. II. P. Philpot, priiicijial, hhigiiieer- 
iiig College, Benares Hindu University, Benares. 
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Lignin from Soda Black Liquor 

Om.v aI>oiit 50 per cunt of the \v(mkI is utilized 
in inaiinfacturiiii; pulp for paiier. The other 50 per 
cent is either dischaiRed as waste, as in the sulphite 
process or is incinerated for the recovery of caustic 
from the black licpior as in the kraft and swla pro- 
cesses. Tliis 50 pel* cent of the wood that is wasted 
contains per cent lignin and jo-25 per cent 

liemicelluloses and other soluble low molecular 
organic compounds. 

'riiis lignin fraction has captured the imagination 
of the chemists for years. ITom an industrial stand- 
point lignin holds vast ])ossibilities. It has been 
predicted that lignin may some day become so 
valuable that it will form the main product from the 
digestion of wood, with the pulp only as a by- 
product. 

Lignosuli)honic acid prepared from sulidiite 
waste liciuor is being used as a source of vanillin, as 
a tanning aid, as a plasticizer in cements, for water 
softening, and in soaps. Mead Corporation, Chilli- 
cothe, Ohio, has been carrying on intensive investiga- 
tions to recover lignin from soda black luiuor and 
the result is the “Meadol’', the first pure lignin 
material to become commercially available. It is 
insoluble in water, is readily soluble in organic 
solvents, has decided plastic properties, and is chemi- 
cally reactive. Industrial and Engineering 
Chemistry (p. ig4o) contains an exhaustive 

account of this new product, a summary of which 
is given here. 

It is prepared by precipitating spent soda black 
lifluor with carbon dioxide. The precipitate, which 
is abfmt 30 per cent of the total organic matter in 
the black li(iuor, is filtered and the filtrate returned 
to the evaporators and eventually to the incinerator 
for recovery of the soda ash. The filter cake is 
washed with dilute sulphuric acid and with water 
and is then dried on a drum drier. 

Meadol is insoluble in water and in dilute 
mineral acids, soluble in dilute alkalis, readily 
soluble in most polar organic solvents, and insoluble 
in nonpolar organic solvents. It has a definite 


melting range. The gre.itest potential use of Mcadnl 
at present is in the moulding field. It can be us(d 
as a thermoplastic binder as well as modifying agent 
for thermosetting resins. Another important outKt 
for Meadol is as an expander in the negative plali 
of stoiage batteries. It is also being tried for otliei 
uses, such as for conditioning boiler water, for iron 
removal of water, for hydrogenation, and for use in 
paints and ceraniiis. Its low cost, lieing available in 
large anioiints, gives promise of its further develoji- 
iiieiit tt> suit various iiidu.strial u.ses. 

N. K. 5 . a. 


Metallic Films as Lubricant 

For the high vacuum demanded by X-ray tiilje^ 
ordinary lubricants .such as grease or oil are out ol 
ciuestion since any vai)()rization of the Inbriciml 
will spoil the vacuum and render the tube usi le.s.s. 
It has been recently announced by the engineers of 
the General Klectric X-ray Corporation, Chicagt), 
that a thin coating of metallic barium is ver\ 
efllcieiit as lubricant in such cases. They jul 
using it in a si)ecial tyi>e of X-ray tube, in which 
the target is roi-ited at a very high speed. Hy 
vaporizing metallic barium a very thin film is 
allowed to form on the .steel ball Ixiarings of the rotat- 
ing target and it has been found that this lilm 
greatly reduces the friction. Use of barium as 
lubricant has made possible a tube which not only 
has a much longer Ix'aring life but also runs very 
(luietly. In one of the exjieriments, the engineers 
reported, an anode Ixaring was observed to have a 
sound level of 87 db, a siieed of 3100 r.p.m., and a 
ermsting time of 12 seconds. A barium film uas 
then applied, and in 30 seconds the sound level 
was reduced to 68 db, the speed increased to 35'’^’ 
r.p.m., and the coasting time extended to 8 minute^. 
A number of other metallic films were found to have 
I)ossibilities as lubricants, but barium proved to he 
the most successful. 

it is expected that the process will be apphe«l 
to other cases in which rotating devices have to i»c 
operated in vacuum. Further, such metal films nv^y 
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iind practical applications to rotating devices where 
»>rganic lubricants are undesirable. 

N. K. S, G. 

Glass Reinforcement for Concrete 

In a recent issue of the Engineer inf^ a novel 
proposal to use strips of glass instead of steel rodsi 
or bars for reinforcing concrete has Ixreii described. 
The process has been developed and patented by two 
[/mdoii architects and the speciiiieiis produced have 
been tested at the Structural I,alx)ratory of the City 
iiid Guilds College, South Kensington. (Hass strii)s 
used were from not of any special (piality glass but 
were made from ordinary glass sheets, simply the 
surfaces were more or less wavy and not polished 
like plate glass. Test specimens showed that failure 
occurred suddenly and was of the tyi)e usually 
uhlained with brittle iiiaterials. (Jn reaching the 
iijaximuiii load complete collapse occurred, as 
ilisliiict from the failure of the steel-reinforcement 
concrete with which complete collapse does not 
occur until some time after the maximum load has 
been reached. The imjiact tests compare un- 
fiivourably with the ordinary steel-reinforced con- 
i’ rete. 

Test reports indicate that for static loading glass 
makes a suitable reinforcement for concrete, being a 
goiKl .substitute for steel, but that it should not be 
employed in ca.ses where there is any likelihood of 
impact loading. The feature of the tCvSts has been 
the consistency of the behaviour of the material, 
only one reject having been obtained in the whole 
scries. Ai)art from the inability to resist impact the 
safe resistance moment is also somewhat low. The 
tests were undertaken with the idea of using glass 
ill the construction of air-raid shelters, thus reducing 
tile heavy demands for steel. But with the air- 
raid shelters impact loading being the likely condi- 
tions glass reinforcements cannot be used. Further 
iiuestigations are proceeding and no conclusive 
evidence can now Ixj given as to the value of glass as 
icinforcement. Much more exhaustive tests would 
liave to be carried out lx?fore it can be universally 
adopted. 

N. K ,S. Cr. 

Designs for War-time Safety 

Although centralization is the key-stone of 
industrial efficiency, wide-spread decentralization is 
iinj)erativc for reduction of risk of attack from air. 
1‘lant security must be paramount, power-house and 
' ater-works must lx? far removed, and buildings in 
^‘i-iieral should be of less geometric or cubical design 
'Hiicli cast straight-cut shadow easily recognisable 


from the air. The buildings should preferably be 
low, spaced ai»art from one another and their contour 
lines bent in various forms and curves. The glass 
of windows .should be angled downwards to avoid 
light rellecting from them upwards. The colour 
should be duller and more or less malching with the 
surroundings. The roofs are ofter ])ainled green or 
covered under leafy foliage, even slrii)s of cloth and 
leaf-covered nets have their uses. Utuler-g round 
shelters as well as factories are also necessary to 
build. 

K, R. 

Human. Limitations to^'Speed 

It is the change of speed, not the speed itself, 
that alTects our nerves. A smoothly running car 
would not make ns feel anything unless we look out- 
side at ihe objects passing oiT behind. It is the jerk 
and turn, both of which mean a change in speed, 
or the speeding up during start or slowing down 
at the stop, which affect our sensation. The same 
is the reason for sea sickness (due to rolling and 
pitching of the .ship), or for the |)eculiar sensfition 
in the lift-cage or on the merry-go-roiind. A con- 
stant unchanging speed has no such effect on our 
nerves. The earth moves on in its orbit with a 
tremendous speed of miles i)er second without 

any of us feeling about it. 'I'he change of direction 
however is loo small (le.ss than per day) to lx* 
appreciated by our system. 

'I'he idea of rocket flight captured the attention 
of sci(.ntiMs for exploring into the space, and many 
interesting and fantastic stories of rocket journey to 
the mc»on and Mars have since been written by 
successful writers. There is however a limit to its 
capacity conditioned by the sensation to be borne by 
the occupier. The rocket has a chamber containing 
explosive i)owder near its tail. As the powder burns, 
the explosion escapes through the tii) of the tail, 
giving the rocket a forw'ard thrust. As the process 
^oes oil, the rocket gains in speed. But as uieutioiied 
alM.)ve, the rate of gain in speed (acceleration) should 
not lx too high, or the passengers in the rocket will 
go out of breath. From actual experinieuts carried 
out by the German Rocket vSociety, it is found that 
maximum acceleration that human system can wdth- 
.stand is four times gravity, /.c., 1 28ft/ sec. “. It is 
generally agreed however that the maximuni 
acceleration that the passengers in a rocket could be 
expe*cted to endure is 32ft. /sec. “, and this acceleration 
endured for only 5 minutes would attain a speed of 
6,000 miles per hour. Similar considerations are 
balking the w'ork of aero-engineers planning to 
speed up the air flights. 


K. R. 
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Information About Teak Plantations 

Inform vnoN of use alike to the trade and to 
those interested in forestry is given in a compilation 
on yield of teak plantations, just brought out by the 
Forest Research Institute, Uehra Dun, in its Indian 
horesl Records. Data on the rate of growth of teak 
in plantations thronghout India and Hurina are being 
collected for the last 25 years, and the present publi- 
cation is the first allempt at a comprehensive yield 
table for teak iilaiitations throughout India and 
Burma. The data for these tables have been collected 
from small sample plots in plantations of all ages 
and oil every kind of soil from the worst to the best. 
These plots are remeasured every five years and are 
teiideil and thinned according to the lx:st known 
practices, and when sufficient data have been collect- 
ed, they are combined and coni] died into a yield 
table. In the present imblication the tables have 
been made ui) from data from 75.^ remeasurements 
iu 387 plots. 

The tables jirovide all the necessary statistics 
for the i»roi)cr management of teak ])lantations. 
They tell one for every age and for every different 
soil ([uality how many trees there should be per acre, 
what the height and diameter of the trees should be, 
how great the yield of timber and of firewood should 
be if the plantation is to be felled at difTereiit ages, 
what the current annual rate of increment is, and 
also the mean annual increment, and so on. They 
]>rovide the fundamental statistics for determining 
the most paying age to which jdantations should be 
grown, and set standards for the stocking of the 
cn)p and thinning which are an invaluable guide to 
any one who has to manage teak i)lantations and 
desires from them the highest financial returns. 
The existing teak jdantations are now estimated to 
cover an area of roughly ^of) sipiare miles, and alxiut 
lo sguare miles are being added annually in India 
and Burma. 

Shellac Floor Varnishes 

» 

Ir is estimated that some i 2 ,c.kx),ooo lb. of 
shellac, mostly prepared from seedlac imported from 
British India, is consumed every year in the United 
vStates of America for the ]>rcparation of lioor 
varnishes, according to a bulletin issued by the 
lyondon Shellac Research Bureau. A dozen factories 
are busy all the year round bleaching the seedlac 
to get rid of the uatural orange red colour of the 
material. 

In America, where wooden floors arc in almost 
universal use, the l)est methods of polishing such 
surfaces with the minimum of work involved in daily 
cleaning and general maintenance attracted con- 


siderable attention. The method which is nov. 
widely used is the application of spirit shellac sohi 
tions. These have resisted the competition of sub 
stitutes because of the cheapness of materials froi., 
which they are made (shellac and industrial alcohol;, 
ease of application, durability, simplicity of renewiii 
and care-free maintenance. 

The bulletin describes xiractical tests made in th^ 
heaiUiuarters of the New York Shellac Bureau, 
where a floor used by some 1,800 people every da\ 
and comiiosed of different woods, was cleaned vvilli 
various floor finishes. The test resulted in a ratiiiL: 
of 80 ])er cent perfection for shellac for all woods. 

Tung Oil Yielding Trees in India 

n'kOM the data gathered hitherto from many 
sources Dr R. Biswas, superintendent of RdmiI 
Botanic (lardeii, Calcutta announced at a meeting 
of Royal Asiatic vSociety of Bengal that there was 
suflicieiit prosjiect of succe.ssful cultivation on a 
commercial scale, of tnng oil trees, particularly .1. 
Montana and A. Moluccanu. They can be grown 
in the village shrubberies, in the different tea 
estates for idantatioii purpose or as shade trees and 
along the portions of the hill-sides which are not 
jiroductive enough for other iirofilablc plantations. 
Viable resistant seeds yielding larger quantity (jf oil 
may be obtained from experimental cullivatioii which 
may conveniently be undertaken by the. forest 
department In suitable areas. The various uses «»1 
the tuiig oil are in connection with the electrical 
industry, in the mauiifactiire of oil cloth, water- 
proof articles, Chinese ink, etc. It is invaluable in 
the manufacture of xiaiiits and varnishes. 

Half a century ago three species out of tin- 
known live species of tuiig oil trees were first intio 
duce<l to the Botanic Harden here. Tung oil yieUliiig 
trees belong to the genus Aleurites of the family of 
luipliorbiceae. In 1931 about half a ton of seeds was 
received from the Royal Bt>tanic ('lardeii, Kew. M'licsc 
were uistributed to the different provinces of India h'l 
experimental cultivation in order to avseertain which 
liart of the country proves more favourable for their 
cultivation. Records of successful cultivation are 
available from the Indian Lac Research Institute, 
Ranchi, and Sabya Division, Ranchi. The Bhootea- 
cliaiig Tea Company Ld. have also been very success- 
ful in the cultivation of both A. Fordii and A. 
Montana. 'J'he Alysore State in South India als'> 
cultivated the tung oil yielding tree with success. 

The results of cultivation in the different paits 
of the country during the last decade indicate that 
A, Montana is more vigorous and disease-resistant 
species. It can be grown easily in well-drained soil 
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along the hill-side from an elevation of 1,500 to 
1,000 ft. with considerable success. The yield of 
the fruits is also much higher than that of .1. h'ordii. 
.1. Mohiccana, as experiineiils for the last so many 


years in the Rnlanic Garden show, is another hardier 
si>ecies which is expected to grow easily under the 
soil and climatic conditions of the plains of Bengal, 
Ihhar, Assam and vSoutli India. 


Cool Light 


The idea of light is always assoc-iated with heat. 
Whenever one thinks of a light-source, one knows 
tliat the source is at a high temperature. Along 
with light, heat waves are also being emitted 
liv it. In fact, a heated source radiates energy in 
;ill forms electrical, heat, light, ultraviolet, etc. — 
liiiving different wavelengths. I'lic ])ortion of radia- 
tion between the wavelengths 4000 to 7oo<j A (one 
Angstrom, A = ixio“8 cms.) produces visual setisa- 
lioii and is called light. 

If the whole of the energy emitted liy a heated 
source be only the visible radiant energy, the light 
so obtained, being unaccompanied by heat or other 
waves, may be called a “cool light**, having a 
liiiiiinous eHlciency of hundred per cent. Strictly 
speaking the term “cool light” is relative, since the 
visible radiant energy which through the agency of 
\ision becomes light, produces a heating effect when 
absorbed, just as invisible radiant energy does, 
'riie coolness of light is an essential factor when 
very high levels of illumination are necessary, 
c.g., in television, and night working of factories. 

The levels of illumination which can be ob- 
tained with comfort are limited by the resultant 
coolness of foot-candles supplied to the user of light. 
The luminous eHiciency of a light source is a partial 
measure of the coolness of the emitted lumens. A 
Imninous efficiency of 6:?r lumens per watt would 
be attained if all the energy supplied to a light 
source were converted into radiant energy of 5550 A. 
Til is is the wavelength of energy which human 
vision converts into maximum luminosity under 
'•olinary levels of brightness. Hut this would be a 
light-source emitting only monochromatic yellow- 
green light which wo\dd not be suitable for most 
lighting purposes. A far more desirable light-source 
Nvoiild be one which supplies white light without 
being accompanied by any invisible radiant energy. 
To obtain such a light, the colour temperature 
the source should lie assumed as d.soo^K. (the 
>’mface temperature of the sun) which will give a 
li^ht similar to that of average daylight during 
>aidday. If such a light-source radiated all its 
< nergy in the visible spectnnn, with blackl>ody dis- 
tribution between 4000 and 7000 A, its maxiniiim 


luminous elliciency would be ’25 lumens iier watt, 
'riiis may be considered the ideal light-source, as far 
as coolness of lumens and foot-eandles are coiiceriicd. 

The relative coolness of the light from a nuinher 
of different sources, based on their relative energy 
per f»)ot -candle, as measured by M. Liickiesh and 
A. II. Taylor at the Lighting Kesearch LalKiralory, 
of the General I^lectric Company, Cleveland (Ohio), 
and reported in the (icurral h'.lcctrir Rcvieu' (p. /^lo, 
ippi) arc given in the table below: — 

KxKKf'.Y UKR Koot-candmc Kkom Vauious 

LirjIIT-SOUKCKS 
Rclathc CcoIjh’Ss of 


I'KK 

! I'onT-rwoi.ii. 


Sniirce 

Micro 
j watts 
' per 

I Sip (Mil. I 

‘ I 


Moii(icliri)iii;.tic ciiergx at j i 

A “ .... 1-73 ! 

FiTcllv ... ... ... I 2-1 I 

Meal white light ; 4 S I 

Clear skyliglit through in. , j 

window gliiss ... 4 -9 j 

Noi»n Minlight ... ... 9 (► ; 

Notui sunlight through 'h in. 
window glass ... ... 7'b 

•Water ciMiled niercnrv lamp 
('I'ype M-H) in aluniiniuni 

reflector ... ... 1 40 

40-uatl wliile fliiorescent . 

lamp, har.* ... ... SO 

40-watt white fluorescent 

lamp through in. win- 
dow glass ... as 

40-walt fluort scent daylight 

lamp, hare ... ... 100 

40-walt fliioresivnl daylight 
lamp through in. 

window glass ... ... 4 5 ' 

flO-watt tungsten lainj), hare ' 65 0 | 

100-wall tungsten lamp, hare 450 

200-walt tungsten lamp, hare ' 40 0 


Relative 

hlnergy 


1-0 

1-2 

2-75 

2-8 

5-2 

4 3 


2-3 


} 2-0 

I 5-8 


i 2-6 

I 32-0 
1 260 
230 


RhUVTiVK 
Coi iIAM'SS 


At 

B" 

100 


82 

— 

36 

100 

35 

98 

19 

53 

23 

64 

43 

120 

21 

60 

■19 

135 

17 

48 

38 

107 

31 

8-5 

3-8 

tO-5 

4-8 

120 


tA : Relative U> monochromatic^ energy, 5vS50 A. 
• B : Relative to ideal white light 6506“K. 
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A study of the data in the table, particularly in 
the last column, reveals great achievements in the 
production of cool light. Actually in some cases the 
light obtained is cooler than the ideal white light. 
Though coolness depends on luminous efficiency, it 
may be further increased by means of extraneous 
agencies, which will absorb or reduce the radiant 
lieat energies acconu)anying the lumens or foot- 
caiulles. 

In the case of the water-cooled mercury lamp, 
the relative coolness with res])oct to white light is 
120. The luminous efficiency c)f loon-watt water- 
cooled mercury lamj) is 65 liiiueiis per watt and more 
thati two-thirds of the energy, accompany- 
ing the light as other waves, is absorbed in the 
water used to cool it, and moreover the light is not 
while but rather a bluish white, with a deticiency 
of red. 

The 40-walt daylight and white fluorescent 
Ma/da lamps at present supply fo<jt -candles as cool 
as those dne to noon sunlight. Actually the lumi- 
nous efficiency of 40-watt llouresc'cnt daylight lamp 


is approximately one-fifth that of the ideal whit^ 
light, but the method of light generation used in 
the fluorescent lamp is such as to make the light 
cooler than would l)e indicated merely by tin 
luminous efficiency rated in terms of energy input, 
Because of the large surface area fifty per cent ol 
the energy input is dissipated by convection currents 
in the air. Furthermore approximately 55 per ceiii 
of the energy radiated by the fluorescent lamp is in 
the form of long wavelength — infrared from the 
heated tulx.* — and this can be entirely absorbed by 
a sheet of ordinary glass interposed between tlu. 
lami> and the user of light, thus increasing its cool 
ness. 

rncandescent filament lamps have a very low 
luminous efficiency. Their luminous efficiency and 
the colour of the light are limited by the higher 
teinperalure at which the filament could be operated 
without loo rapid evai)oration. Ap])roximately dd 
per cent of the energy accompanies the lumens as 
compared with less than 50 per cent for the fliioi\ 
scent lam I). 

N. K. s, a. 


The Industrial Significance of Jute Research^ 

W. G. Macmillan 

Chief Chemist, Indian Jute Mills Association, Calcutta 


IV/fANY of yon must have seen during the past 
year nniiierous articles in the press regarding 
the necessity for research in the development of 
India’s industries, and attention has fre(iuently been 
drawn to the necessity of developing new uses and 
finding new outlets for jute and jute manufactnres. 
Circumstances which have arisen as a result of the* 
war have made it imperative that i)resent needs be 
treated as of first importance, and I shall endeavour 
to show the vital necessity ff)r research in any 
indUvStry and how the jute industry has responded to 
the immediate demands made u])on it and, at the 
same time, is looking to its future in the develop- 
ment of research. 

Before doing so, however, I would like to give 
you a general idea of the position which research 
occupies in this country. Throughout India there 

* Adapted from a lecture delivered before the Calcutta 
Rt)lary Club 011 December 10, 1940. 


are numerous public and private research organ 
tions, each concerned with its own individual 
problems, or the problems of the industry which llicv 
hapiJcn to serve. In addition, certain ]»roviiicial 
governments have set up their f>wn boanls, wim.sc 
concern is the welfare and exi)an.sion of llic 
industries in their own i)articular province, and siieli 
is the case in Bengal. Again, there has Iklh 
established during the past year a Board of vScieiilitu* 
ami Industrial Research, financed from Cenlial 
Government funds, whose princijial function is tt) 
coordinate research towards creating a new .'in<l 
cx|)anding future for industry in this country. Tlic 
very fact that these different organisations exist, 
supplemented by the researches which are carried 
out at universities and colleges, is a definite sign tlml 
a foivvard policy is being pursued in India todav 
which must inevitably bear fruit. The commercial 
lK>tential of the natural products and resources of th!^ 
country is enonnous, but for successful develop 
meut complete co-operation must exist between 
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industrialist and the scientist. Only when this is 
olitaincd will tlic expansion of eslablisliecl industries 
and the creation of new ones proceed witli an ever 
increavsing nioineiitiiin. 

Scientific Research for IndUvSTrial Prosperity 

Many authorities regard the expenditure on 
research, either in a country or by an industry, as a 
definite sign of future prospects and i)ros])erity, and 
the rapid dcvelopiiieiil of certain industries following 
the industrial u])heaval after the war of are 

striking examples of this fact. Such industries include 
the automobile industry, radio, plastics, synthetic 
libres, dyestufTs and chemicals, and others too 
numerous to mention. The case of nickel is worth 
(|Uoting .specifically. The arinameiit demand for this 
metal almost vanished twenty years ago, but the 
industry was so successful in its search for new 
applications and uses that, during the intermediate 
jieritxl prior to the outbreak of the present hostilities, 
the armament demand, which was even greater than 
ever, no longer occupied a large part of the market. 
The skill and ingenuity of German chemists has 
always been recognised by scientists throughout the 
world, and it is only through her highly developed 
and organised chemical and other industries that she 
is a force to be reckoned with in international trade 
and commerce during times of peace, and a formid- 
able opponent in time of war. The commercial ex- 
ploitation of the Haber synthesis of ammonia from 
nitrogen and hydrogen at high pressures, with the 
aid of suitable catalysis, and upon which millions of 
pf)unds were spent, enabled Germany to carry on a 
struggle for four and a half years as a result of her 
independence f)f foreign supplies of nitric acid, which 
is the basic chemical for all ammunition industries. 
Today, when oil is as important as munitions, in 
that the two are complementary in nKxlern mecha- 
nised warfare, a parallel case exists. The production 
of synthetic iietrol from coal and water-gas of which 
(Germany has large resources, and crude oil 
which she is attempting to control in the Balkan and 
other States, by hydrogenation processes such as the 
h'ischer-Troiisch, has once again reduced her 
dependency on imports of the natural product. The 
achievements of British industry during the past 
twenty-five years through the advances made by its 
ic.search workers have been admirably summed up 
the late Sir Gilbert Morgan in his .series of Cantor 
Kclures delivered before the Royal Society of Arts in 
while the products of American research and 
invention will become evident in the ever increasing 
Mipply of war materials to assist the British Empire 
bringing the war to its inevitable successful con- 
' hision. One must also not forget the rapid indus- 
'n'alisation of Japan through co-ordinated effort 


which has proceeded at an astonishing and at times 
almost alarming rate during the past twenty years. 

Looking at the reverse side of the picture you 
can also sec how an establishc<l industry' dependent 
on the natural [irotluct of a country can be irretriev- 
ably lost unless adeiiuate provision is made to develop 
and protect it against competition from substitute or 
synthetic products. The indigo industry in this 
country has provided such a case and also a warning 
which should not be neglected. As a result of the 
comliiiied researches of German chemists, extending 
over many years, the Hadische Anilin iS: vSoda h'abrik 
combine were able to produce a synthetic ])roduct 
from naphthalene, a cheap and readily available bye- 
priHluct. This synthetic product, which could be 
readily standardised when i>laced on the market, 
almost eliminated completely the demand for natural 
indigo and in conseipience a very large source of 
revenue to the country was lost. 

lMi>Rf)\'ED Uses of Jute 

Turning now to the jute industry itself. Jute 
fabrics have? been aptly termed the world’s foremost 
packing materials and in this respect have held 
almost a monopoly for close on eighty years. Prob- 
ably however as a result of this monopoly the 
industry has for many years lagged behind other 
textiles in research. Profits were good and the 
industry continued to expand but the world-wide 
depression of the early ’30s was a sign that although 
Calcutta enjoyed great material advantages it was 
e.ssential to keep up to date and apace with com- 
petition. vSilos to store wheat, i)aper cement bags 
and the iiroblem of jute substitutes, about which T 
shall .say a little later, showed how' the wind was 
blowing and plans for research to deal with jute’s 
ow'n special ])roblems were therefore enthusiastically 
supported. The results of the wide researches which 
are lieing conducted both in the raw material and 
manufacturing siiles of the industry, and as yet still 
in their infancy, can be reflected in the supply of 
jute materials for w'ar punioses where much recently 
acquired data has been found cai>al>Ie of direct 
application. As exam])les may be mentioned the 
following : — 

(i) Cotion/Jutc Union Fabric. This fabric is 
being manufactured and used as a substitute for 
materials formerly made from fia.x, the supi)lies of 
which have been reduced to almost negligible jiro- 
portions as a result of the w^ar. It contains a cotton 
warp and a jute weft and can lx? made to a variety of 
cloth specifications which have given excellent results 
on preliminary tests for service use. The possibilities 
of its adoption for the manufacture of canvas for 
tar])aulins, tentage fabric, water tanks, hose pipes 
etc. are great, and in addition it has been found 
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ciiiineiitly suitable for the application of finishing 
processes such as waterproofing. As a result fresh 
outlets for two of rtulia’s principal agricultural com- 
modities have been found. 

(2) Sandbdjirs and Roiproofing. The jute mills 
in India have suiiplied 912 million sandbags for war 
purposes, and a further order recently announced, 
will increase this figure by six crores or sixty 
million. A jute sandbag is similar to one made from 
any other \'egeta]>le fibre in that it is liable to attack 
by micro-organisnis under certain conditions, such as 
damp, ami can in exceptional circumstances deterio- 
rate rapidly. The growth of micro-organisms can be 
inhibited or completely prevented by — 

(a) reducing the moisture content to the re- 
quired maximum which, for jute, 
corresponds to a regain in the neigh- 
Ixmrhood of 17 per cent. 

(h) impregnating the fabric with substances 
toxic to micro-organisms, and 
(c) rendering the fibres unsuitable as a 
medium for the growth of micro- 
organisms. 

The first of these is obviously not possible 
under conditions of use, and only the latter two 
principles are practicalile. 

Rot-preventing substances of known toxicity 
towards fungi and bacteria, an<l which arc parti- 
cularly suitable for application to jute and other 
vegetable fibres include inter alia miscellaneous 
organic compcnuids, tar distillates and the metallic 
salts 1)1* soaiis of certain im-lals, such as ('opper, y.inc 
and mercury. Tt is imiuirtaiit to remember, however, 
that a good fungicide is not neces.s,'irily a good 
bactericide and vice versa. The methods of applica- 
tion involve the use of emulsions or solutions in 
ajipropriate diluents and containing the reipiisite con- 
centration of the rot-inhibitor. The toxic comiiound 
may also be formed on and in the material by 
chemical reaction such as, for example, by the 
interaction of co])per .sulphate and .sodium carbonate 
to jiroduce basic copper carbonate. 

'file third jirinciple is based on partial esterifica- 
tion of the jute as the re.sult of acetylating or 
beiizoylating the fibre surface. The immunity 
obtained is excellent but the cost is at present 
prohibitive for jute. These nietluKls are embodied in 
various patents and it is claimed that no deterioration 
of the colour, handle or any other characteristic of 
the fibre need be obtained. 

(3) W^aicrproofinf;. The demand for light, 
medium and heavy water-proof textile materials has 
greatly increased. In conseciuence special proofers 
have been developed to yield different types of 
waterproof finish which can, if necessary, be supplied 
in a variety of colours. 


The princiiial water-repellent materials used a: 
waxes and oils of petroleum origin but varioi 
concoctions of pitches, asphalts, wax tailings ai ’ 
many other resinous and water in.soluble organ 
materials may be used. More expensive prooh ^ 
involve the use of rubber, special synthetic resii ^ 
and i)crmanent sizes. Application of the proofij ; 
materials is either by impregnation or surface tre:u- 
ment. The fi inner is commonly used on heavy duel s 
and canvas for tarpaulins, hatch and cargo covei* . 
etc., the fabric being impregnalcd with sufficieiii 
waterproofing compound to effectively saturate :ill 
the yarns therein comi)letely, or the surface is coated 
with a compound that covers completely and so fills 
all the small openings in the fabric. Coated or surfar.- 
treatments involve the application of a continuous 
un]>roken film of wax or waterproofing conipomid 
closing all the ])ores thoroughly, and can be applied 
to chea])er light weight drills, twills and ducks usul 
for stationery covers, flys and so on. 

(4) A. R. ]\ Fabrics for Blackout Purposes. A 
source of supply of cheap and serviceable blackout 
materials which arc coitipletely resistant to llu- 
passage of light has become necessary. Kxperinieiits 
recently conducted have produced a variety of such 
types of materials which can l>e made availabk- in 
bulk in any de.sired (piantity. The methods eiii 
I)loyed include the u.se of special bitumens to givL 
“lino*’ finishes, black wax treatments, proofing willi 
latex and the doubling of paper on to dyed hessiun 
with suitable adhesives. 

(5) CnmouHafic Materials. Tn the utilisation of 
jute fabrics for defence purposes, such as camoullaL'i . 
it is essential that these .should be treatetl in sncli :i 
manner as to yield as far as ])ossible bright colouis 
which are fast to liglit, weathering and washiii;: 
The strength of l^ie jute must not be weakened by 
the processes used and, for external use, particuhub 
where exposure to excessive moisture would eiisu^- 
with alternate wetting and drying due to weatlui 
conditions, it is necessary to introduce a t<)Nie 
subsHnee to minimise the effect and risk of rot I in;: 
and decay. The treated fabrics must also be able to 
defy identification by aerial reconnaissance. Rolls of 
hessian slri])s, dyed in different colours, and riiiiniii-i 
into millions of yards, have already been supplied hn 
camouflage puri)oses. 

(6) Hessian in Road & Aerodrome Construction. 
The ever increasing flow of heavy transport on 
roads, and the expansion of aerodromes and run- 
ways, have necessitated the consideration of methods 
for improving their stability, increasing their w- 
sistance to wear and tear and facilitating surhuo 
replacement when this is necessary. One of Un- 
principal advantages of fabrics in road construction 
is that they form a cleavage line which enables n 
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ready and speedy replacement of a damaged road 
surface, and specit'dly constructed and treated jute 
fabrics are at present undergoing test in this 
connection. 

These then are some of the needs of the i>resent. 

It is however upon successful long distance 
jilaiining and organisation that the real value of in- 
dustrial research departments depends. They must 
never be allowed to becnnie static. The value and 
economy of co-operative research is being increasingly 
recognised and the direction of research into definite 
Mild potentially productive channels is a matter of 
tlie greatest importance. It .should always lx* re- 
iiieinbcred however that the scientist cannot direct an 
industry, he must receive his lead from the industry 
in order that he, in his turn, can direct and co- 
ordinate his work accordingly. 

JUTK RkSHARCH 

I shall endeavour now to .show briefly the 
nature and type of jute research being carried out 
ill the Calcutta and London departments of the 
nreaiiisatioii with which I am connected. Tliere are 
si.\ main categories into which this can be divided. 

F l J M >AM KNTA I. R IC.SK arc: 1 1 

ruder the above heading is cla.ssified research 
ill pure science and purely scientific problems 
1 elating to jute. Tnitially this is what should 
engage the whole-time attention of any industry’s 
research work if data is not already available since 
:r,)l)lied research cannot begin until there is soine- 
lliing to apply. The boundaries of science are 
iiipidly losing their significance and today there luc 
oaiiilless examples of the results of one science 
being successfully ajiplicd to another. For example, 
iiiaiiv parallelisms have been found to exist between 
the fundamental chemistry of wool in the science 
ot textiles and insulin which is also a .sulphur- 
nuitaining protein in the sciences of bio-chemi.stry 
and medicine. »Siinilarly, with vegetable fibres, 
which include jute, the building uj) of starches and 
sugars from simple .substances and a .study of their 
icaetioiis in the field of jiure chemi.stry, the effects 
of soils, water, climate, etc., on jdant growth in the 
field of agricultural chemistry and the structural 
anatomy of plants in the field of botany, are all 
closely interconnected in their underlying funda- 
iiieiital i>rinciples. The war and attendant circuni- 
''taiiccs have forced the jiace on the practical side 
having much of this work to be tackled when day- 
lo-day problems are less pressing. 

Rr.suarch iN'm Kxi.sTiNr, Pr(K'K.s.sk.s 

This is really self-explanatory and covers indus- 
inal research applied to the elimination of manu- 


facturing troubles and to the improvement or 
standardisation of current methods based on sound 
scientific principles. The process f)f jute manu- 
facture is largely dependent on engineering .science 
but there are certain processes which form part of 
the standard system of manufacture and on the 
efficiency of which much depends. Among.st these 
may be included the oiling and sizing of jute. There 
is also the immediate need for finer spinning in 
view of the flax shortage, work on which wdll lx 
coiidiictetl elsewhere. Theie may also be included 
special or mi hoc investigations carried out on behalf 
of individual mills regarding iheir own particular 
jiroblems. Tins foim of technied service lias the 
additional advantage of ])roviding and maintaining 
an excellent means of direct, coiitinnal and per.sonal 
contact or liai.s«m with individual units in the 
industry. 

STANIURinSATrON 

In this category is included research for the 
purpose of establishing standard methods of test and 
standard specifications connected with the purchase 
of the raw material and the <inality of the finished 
ailiele. Two specific examples which are of very 
great commercial importance are worth citing. 

Firstly there is the t>roblem ot moisture in jute. 
Since water cannot be made into cloth the presence 
of moisture over and above the natural content of 
jute represents a very large sum of money lost every 
year. This sum has been Ci)mputcd at not less than 
thirty lakhs of rniiees in an average year. The 
necessity for the ])rovision of reliable and accurate 
moisture standards for jute, along with a .suitable 
means of assessing claims on a commercial scale is 
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obvious to all and will undoubledl 
great benefit to all those interests in the trade whose 
desire it is to see a fair and reliable system 
introduced. 
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Regain values for different textiles issued in 
1940 by the vStandardisjition Coininittee of the Textile 
Institute in (beat Britain are shown in Table i. 

Recent researches in the various moisture rela- 
tionships of jute have shown that the difference in 
hygroscopicity lietwcen the Olitorius and Capsularis 
varieties is insullicient to merit a distinction being 
drawn for commercial purposes. 

In Table 2 is shown regain values for jute (after 
Pfuhl) taken at different humidities with the 
temperature constant (65°^'). 


industry and its products. NTon-recurring con^plaint^ 
are special cases and result, more often than not. 
from external causes which are really no concern ot 
the industry at all although the latter, in man\ 
cases, is expected to provide the remedy. Rx 
perience shows the ease of generalisation and 
condemnation of an entire coiiiino<lity for isolated 
delinquencies and hence a knowledge and undei 
standing of the nature of such complaints, followed 
by the necessary measures to safeguard against 
repetition, is of great commercial importance. Jute 
is very largely used on account of its relative cheaj)- 
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Secondly, there is the question of standardisa- 
tion of fabric specifications. '"I'his involves technical 
studies on the relationship of fabric performance to 
fabric construction and in view of the many uses to 
which jute manufactures are put the intrcxluction 
of definite yarn and fabric speciftcations, based on 
standard methods of test, will ensure that the 
customer receives, and will continue to receive, a 
product suitable for bis particular purpose, and so 
maintain the necesstiry confidence Ix-tween supplier 
and consumer. The more iiiiiiortaiit physical 
standards include filne length, tensile strength, 
weight, count (warp and weft), twist, regain, elonga- 
tion, crimp, thickness, length and width, tear 
resistance, yarn friction in fabric, evenness, resis- 
tance to abrasion, absorbability, bursting strength, 
heat transmission and porosity. On account of the 
inherent variability of jute yarns and fabrics it is 
absolutely necessary, in order to get a true interpre- 
tation, that a suflicient niunber of readings be 
recorded for the various tests and these submitted to 
a statistical analysis. The physical properties and 
constructions arc changed according to requirements 
and service duniauded of the materials. The U.S.A., 
for example, is the world ’.s largest hessian consumer 
and has every right to be exacting, so that if a 
particular fabric with say a specified breaking strain, 
or a special fabric for particular purpose is re(|uired, 
it is up to the industry to co-operate in trying to 
give it. 

INVRSTIGATION OP COMPRAlNTvS 
Complaints may be divided into two categories, 
namely, recurring and non-rcciirring. Recurring 
complaints arc generally directly connected with the 


iicss compared with other materials, and in suggest- 
ing remedies for comjdaints the economic fact of 
cheapness has freipiently to be uppermost siiieu 
remedies which would greatly increase the price ai\- 
ruled out on this account alone, in that the c«)n- 
suiner either is unwilling to pay more, or tliiit 
competitive materials would come within the now 
higher price range and iKuhaps be ])referred. As 
specific examples of recurring complaints wc have 
hair .shedding in wool packs, the development of 
rancidity and discolouration due to unsuitable oils 
and stains due to attack by micro-organisms. 'I'he 
causes responsible for these are known and tliv 
necessary remedies available, so that it , is really a 
matter of wbelher additional costs involved will Ik- 
met by the consumer. 

Ai’I’Mcatiox op Kinishint; ani> Cukmjcai, 

PrIX'KSvSKS 

Ijiider this heading lies the future of new uses 
for jute manufactures. A very large literature exists 
oil chemical and fini.shiiig i)roces.ses generally and 
new tyiies of finivsh and methods of finishing are 
continually being evolved. Hence it has not 
hitherto been found necessary to attempt to find 
stimcthiug entirely new but rather to apply some- 
thing that is old in a suitable manner so as to yield 
what might lx terincd a new jute product or a jute 
product for a new use. Specific examples of finis^h- 
ing methods have already been mentioned in con- 
nection with war demands. In the field of chemic'd 
processing may lx included treatments to yield 
cotloniscd and woollcnised jute which may be spun 
and woven in admixture with other fibres, such ns 
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I otton and wool, to yield speciality yarns and fabrics. 
Such treatments have been the subject of many 
British and foreign patents and involve the use of 
^ Dinbinations of numerous chemicals, among which 
may be included soaps, soluble oils, alkalis, hyiio- 
thloriles and many others. I believe that the 
uniforms used by the Krench Army were largely 
v-oinposed of a mixture of jute and wool. In the 
iicUl of bleaching the principal difficulties which 
liave hitherto been found, namely, loss in strength 
and the poor colour of bleach obtained, have been 
successfully eliminated by a new method. The 
^access of this bleaching method has opened up the 
whole future of dying jute in bright, clear and fast 
colours. A few years ago any mill process involving 
a wet treatment of jute as fibre, yarn or cloth was 
almost unknown, but today difficulties are lieiiig 
rapidly overcome and the range of pite’s utility 
extended accordingly. 

SupPi^Y OF Information 

A most important feature with regard to indus- 
trial research is the issue of information. Such 
information can conveniently be divided into three 
groups : 

(1) 'I'he i)ublication of the results of purely 
scientific and academic researches in appro- 
priate journals. 

(2) The submission of technical reports relating 
to process and manufacture. 

(.^) The provision of information in the form 
of abstracts on all matters relating to jute 
and jute products, gathered from the 
journals of countries throughout the world. 
For this pur])OSe the abstracts and iiiforma- 
liou service of the Indian Jute Mills 
Assf)ciatioii takes the form of a monthly 
publication in which the abstracts are classi- 
fied individually under their appropriate 
headings. In the course of a year over six 
thousand issues of six hundred journals are 
read, and from these journals, which cover 
thirty countries, approximately 2,500 abs- 
tracts are made by summarising the original 
papers and translating from foreign 
languages. 

Synthetic FiurKvS and Jute vSuBvStitutEvS 

Finally, I would like to touch very briefly on 
tlic development of synthetic fibres and the problem 
"f jute substitutes. The production of synthetic 
to which much recent publicity has been 
can be regarded as one of the greatest examples 
"I combined chemical and engineering research 
has ever happened and their phenomenal 


development is a splendid example of the skill 
and ingenuity of chemist and engineer, combined 
with a superb marketing i)ropagaiida and sales 
orgauis£ition. These synthetic fibres, which have 
rapidly stepped up to a premier place amongst the 
textile products of the world, use for their raw 
materials such widely divergent substances as wood 
pulp in the production of ailiticial silk, now known 
as rayon and staple fibre ; the soya bean, largely 
found in Manchuria, from which a new type of fibre 
has l>een developed ; milk from which casein is 
obtained by coagulation methods for the production 
of synthetic wtKil ; and coal, air, limestone and water 
which, through a series of chemical reactions, are 
converted into fibres of which the German PeCe 
fibre and the Aiiieiican nylon fibre are typical exam- 
ples. One must also not forget that glass can now 
be Slum and and woven into fabrics. Germany, 
which was a large importer of jute, has this commo- 
dity now completely denied her, but her need for a 
cliea]> textile material lias, to a certain extent, been 
met by the invention of a new fibre called Cell Jute, 
made from straw, and which can be used cither alone 
or mixed with staple fibre as artificial jute. Paper 
tissues have also been converted into cheap substi- 
tutes for covering walls, etc. 

As regards jute substitutes from naturally 
occurring fibres, this has largely arisen through the 
self-sufficiency policy followed by so many countries 
ill recent years. The success or failure of these 
naturally occurring jute substitutes, which un- 
doubtedly can be made into the equivalent of jute 
manufactures, is chielly a matter of economics and 
the crux of the whole matter would vSeem to depeiul 
on the cost of the raw material and the iiroduction 
of the finished article, and to maintain these costs 
at price levels which are coiiii)elitive with jute. 
Jute has all the advantages of ceiitralisjitioii, estab- 
lished practice, .suitable soil retuiiring no artificial 
stimulant, plenty of water for steei)iiig, retting and 
washing, an abundaiice of read\' labour and on the 
manufacturing side a highly «)rganised and lechni- 
Ally well-equipped iiidnstry. 

Ill coiicliisioii 1 wt)iild like to quote a .short 
extent from a .speech recently made by the well 
known textile mdiistrialist, vSir Kenneth Tee, whose 
firm has pioneered and developed .so successfully the 
apidioation of synthetic resins to textiles and pro- 
duced the familiar range of “Tootal” uncreaseable 
fabrics. He said with refereiu'c to cotton - “We are 
an old industry, founded on rule-of-thiimb methods. 
We do require different outlets, .science certainly 
can give it to us, and its wholehearted adoption, in 
my view, is the surest means of ensuring a pros- 
perous future.** 

These words carry their own portent. 



Medicine & T^ublic health 


Anthracite Dust and Pulmonary Tuberculosis 

It is l)L*liL*vccl that the inhalation of dust in coal 
mines tends to prevent phthisis. Cumins cl al (/. 
Hxfi., Cam., j/, .164 ; lirit. J. /{.v/?. Path., 21, 64) 
observed tlwit anthracite dust was capable of adsorb- 
inti a relatively large amount of tuberculin in vitro. 
Recently Cumin (Ihil. Mt d. /., 2, 62.1. ig4o) tried to 
show if living tubercle bacilli could be adsorlx*d by 
anthracite dust in vivo in experiments with rabbits. 
Two groups of rabbits were taken. One group was 
intratracheally inoculated with a living emulsion of 
extremely virulent bovine tubercle bacilli and the 
other grout) was similarly inoculated with anthracite 
dust together with an emulsion of bovine tulxrcle 
bacilli. The rabbits of the latter groiii) survived for 
considerably longer t)eriods than the control rabbits. 
It is therefore suggested that the anthracite dust 
adsorbs a t)ortion of the toxic pnxlucts of living 
tubercle bacilli in the tissues. 

S. il. 

Benzyl Benzoate Treatment of Scabies 

vSiM.riiUK ointments and suljihur preparations 
are usually prescribed for the treatment of scabies. 
Ointments are usually iliity and tedious in ap])lica- 
tioii and all the sulphur compounds often produce 
dermatitis, a complication worse than the disease 
itself. Recently King (Hrit. Med. J., 2, 626, 1940) 
has treated roo cases of scabies with benzyl Ixiizoate 
with very good rc.sults. The method consists of tlig 
following jirocedures. The Ixnly is first anointed 
with soft soap. The b<jdy is then soaked for to 
minutes in a bath at loo^I'. While the body is still 
wet a lotion consisting of e<iual i^arts of Ix-iv/.yl 
benzoate, industrial spirit and soft soap is api)lied 
vigorously for five minutes with a shaving brush. 
The lotion and the lather produced are allowed to 
dry on the skin. The lotion is then reai^idied for a 
further 5 minutes and the body is dried with a towel 
and the patient is allowed to wear clothes. After 
24 hours a bath is taken. tJ4 oz. lotion is necessary 
to cure a case. The clothes are to be sterilised by 
lx>iling. 

5 . B. 


Calcutta Corporation Laboratory 

Tiik Central Lal)oratory of Calcutta Corporation 
has a historical importance due to its significani 
contribution to the control of cholera, plague and 
fcMHl adulteration. Recently new premises have Ixui 
opened for the Lalxratory when its history wa^ 
narrated. It is expected that the .scope of its work 
will be widened and some reference to it was iiiinK 
by Dr John H. Grant at the opening ceremony. “H 
the health work of Calcutta is to function efficiently, 
if the control of the water and milk supplies and ol 
communical)le diseases is to be based u])on facl^ 
rather than personal opinion, and if the clinical 
.service is to put into i)ractice for its patients all our 
present-day knowledge of disea.se prevention, there 
must Ix available a public health laboratory doiii- 
work of such high character and broad scoi)e that all 
workers in this field will instinctively seek il^ 

guidance and advice The laboratory should 

be so organized that it will be able to undertake as 
they are needed studies or research in special public 
health problems wdiich may be peculiar to the loca- 
lity.** He further sugge.sted that the service of a 
public health lalK)ratory to the community .should he 
free and available to the private practitioner, for llu 
efficacy of curativ ■ medicine is proportionate to the 
earliness of diagnosis. 

It is gratifying that the Mayor took the oppor- 
tunity to stress the need for harne.ssing scientists 
and experts in a i)l{inncd manner. Nearly all llic 
])robknis dealt with by municipal corporations ha\c 
three aspects, .scientific, technical and organizational. 
He therefore emphasised that the number of advis«)iy 
bodies should be increased and their personnel iniisl 
consist of scientists and technical exixrts in a greaUi 
proportion. The advice given by these advisory 
iKxlies .should, not be treated as reconimendatoiA’, 
according to him. He would like to substitute- 
per.stnial opinions, of mainly non-ex ports 
occui)y a position of authority, by oi)inions ba.sed <*«i 
painstaking study of the problems. 

Laboratory’s Control Measures 

The Corporation Laboratory was organised 1 >’ 
Dr W. J. Simpson (afterwards Sir William Simpso”) 
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who was the first wholctiiiie health officer of Calcutta 
ironi t886 to 1897. Previous to this, professors of 
Nfcdical College used to hold appoiiiliiient as part- 
time health officers. In 1S83 Professor Koch dis- 
covered coma bacillus (known as Koch’s hacillns) in 
the intestines and the intestinal discharges of cholera 
patients in h'^^ypt. Dr Simpson was in TCj^ypt at the 
lime of this discovery and closely collaborated with 
the hatter when Koch came to Calcutta to test his 
Ivuyptian discovery. His Ksyptiaii observations 
re.'eived complete confirmation from his Calcutta 
iiive.stiMations and Koch was able to satisfy hiiiist'lf 
that the coma bacillus sUkmI in inlimate relationship 
with the prf)duction of cholera. Pollowin.e: on 
Koch’s discovery came the resc‘arches of Professor 
Waldermar HafTkine which resulted in the discovery 
of cholera projihylactic vaccine which is now effec- 
tively used whenever there is an outbreak of cholera, 
bold Dufferin, a former Viceroy of India, who was 
then the Pritish Ambassador in Paris took a keen 
interest in Haffkine’s researches and arraiii^ed that 
Ibiffkine should be i*iven all possible facilities to visit 
every part of India to carry on his investigations, 
'rile Corporation baboratory was placed unreservedly 
at Haftkine’s disiiosal and Simiison deputed his able 
lieutenants including Dr J. N. Dutt and Dr vS. H. 
('.lio^li to assist Haffkine in his work and to learn 
fi 1)111 Haffkine the method of t)repariii.e: the vaccines, 
'rile result of two years’ (1893-94) inoculation and 
iiivestii’atioii showed that mortality ainonji: the 
inoculated as conijiared with that of the un-iiioculated 
jMve a ieducti(m of more than 72 ]»er cent. 

\\ hen pla.s’ue broke out in Poiiibay in Septein- 
her, 1896 Ilaffkiiic was there and with his 
cliaracteristic thoroughness he set alxmt finding a 
piippliylactic vaccine for plague as he liad already 
(h)iie for cholera. His investigations were carried 
oil for a period of 10 years, the major part of his 
i\‘^earch being done in Calcutta Corporation Labora- 
tory. The outbreak of plague in 1S97 in Calcutta 
I'U'vided Haffkine and his co-adjutors materials for 
observation, and research and investigations were 
«-';irried on assiduously, till in ig' S HafTkine was able 
to jilace before the Royal vSociety of Medicine the 
ii-Milt of his researches. 

There was another pioneer work which was 
' arriod out in the Corporation Laboratory, viz., the 
iiiwstigation regarding the purity of drinking water 
in Calcutta. In 1909 Major Cleiiiesha, sanitary 
'"inmissioner for Bengal was deputed by Govern- 
nMit to study this question and for a whole year he 
n-nrked in the Corporation Laboratory. As a result 
f'l these investigations, the underground reservoir at 
^y ilington Square and Halliday Park (now called 
^inhainmad Ali Park) were closed down and the 
“vcrhcad reservoir at Tallah came into existence. 


In course of his exi)eriments Clcmesha laid dow'ti 
the techiii iue of water examination and a workable 
standard for the tropics for judging the potability 
of water. This was the standard which the Corpora- 
tion Laboratories both at Calcutta and Pulta closely 
followed till a new’ standard was laid down in 1937 
by the London ^linistry of Health. 

*rhe Corporation LalMualory has also worked 
out the standards «>f purity of foodstuffs, like milk, 
iiahi, rhliiuia, khoa, butter, mustard oil, 

cocoanut (edible) oil, wheal flour (maida), ala- and 
tea. 

Manufacture of Fish Oils in India 

At the fourth meeting of the Medical .Stores 
.Supply Committee held in \ew Delhi yesterday, the 
chaninan Lt. (ieneral (L G. Jfdly, director-general, 
Indian Medical .Service, revealed that a flourishing 
fish liver oil industry existed in the >Iadras Presi- 
dency 80 years ago. Apparently this flourishing 
concern was gradually killed by competitif)n in 
prices. 

Medicinal liver oil fn)ni the shark and saw’-fish 
is once more being produced in Calicut. It is 
understood that efforts are also being made by the 
Governments of Pond>ay and Bengal and the .State 
of Travaneore to manufacture fish oils. Modern 
research has sln^wii that the use of shark and saw- 
fish liver oils as a substitute for cod liver oil is sound 
practice, since the former are considerably richer in 
vitamin A than cod liver oil. Yet long before 
vitamins were heard of, the medicinal value of shark 
and saw-fish liver oil was recognised in India where 
vitamin A deficiency is widespread. 

A modern industry engaged in the production 
of medicinal fish liver oil enjoys the advantage that 
scientific methods for testing and standardising such 
oil are available. Investigations about the vitamin 
content of oil in the Nutrition Research Lal)ora- 
tories, C(;onoor and f>lher lalM)ral()ries have played 
an important part in recent developments. There is 
an enormous need in India for cheap medicinal pro- 
ducts rich in vitamin A and other vitamins. 

The Report on the Sea I'ish and Fisheries of 
India and Burma by .Surgeon Major Francis Day, 
inspector-general of fisheries, publi.shed in 1873, 
shows that in the sixties »)f last century there was a 
considerable i)roduclion ()f fish oil on the West 
Coast. For the years 1864-71, the high figure of 
3,194,972 lbs. with a value f)f Rs. 2,03,829 is given 
as the exiiort from Madras alone. This was not 
medicinal oil, but chiefly sardine oil used for a 
variety of punioses. But medicinal oil, obtained 
from the shark and siiw-fi.sh, w^as being produced 
simultaneously, apparently mainly for use in India 
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itself. For sonic years over 5,000 lbs. per annum 
were inanufaetiired, tlic price raiiKint* from nine 
annas to Ks. i/l/- per lb. The main centre of 
l)ro(lnction was Calicut, where nianiifacture was 
iiiiliateil in i‘\S4, the process beiiiR under the super- 
vision of the civil surj^con of Malabar. 


It is not clear from the report whether medi- 
cinal oil was also manufactured in Bomlxiy an 1 
Siiid. Alx^iit 1870 the cost of co<^l liver oil fell 1 )eln . 
that of Indian fi.sh liver oils and apparently Pio 
Indian industry laiiKuished because it could 11*1 
compete with the imported product. 


Blood Groups 


for Everybody : The Four Groups 


Mrs S. D. S. Greval 


What They Are 

T MAG INF' to yourself small discs, siiy rupees, beiiiM: 
^ moved round and round in a limited space, say, 
a tumbler. Also ima)^inc that there arc four sorts 
of discs : (0 those that are entire, (//) those that have 
a slit in them, (Hi) those that have a scpiare aperture 


BLOOD GROUPS. 



Illustr.'iliiiK Iht*. >;it)iip-el.'issiricatioii of 
liuiiuin 


in them and those that have a combination of a 
slit and a sciiiarc in them. These features of the 
discs are illustrated in the accompanying diagram. 
Let us call the discs that arc entire O, the discs with 
a slit A, the discs with the square aperture B and 


the discs with the combination of the slit and llic 
S(iuarc AR. 

Kurthcr, imagine fasteners with narrow com- 
pressed and upright ends and with thick square mul 
upright ends. These fasteners are also shown in the 
diagram. Let us call the first fasteners with ilk 
narrow ends a and the second fasteners with ilk- 
square ends 1 ). It will be seen that discs 0 (eiUirL'l 
have associated with them both the fasteners a mid 
1) ; the latter cannot fasten the discs because of 
their inability to fit into them. The discs .\ 
have associated with them the fasteners b ; the latter, 
again, cannot fasten the discs because of their in- 
ability to fit into thetn. The discs R have 
asscjciated with them fasteners a ; the latter, once 
again, cannot fasten the discs because of tlieir 
inability to fit into them. The di.scs AB have as^ti- 
ciated with them no fasteners at all ; that is the onlv 
way they can be kept free, because either type ot 
the two fasteners is capable of fastening them. 

If you were to add to the tumbler in which llic 
discs and the fasteners are lying, some water, llu- 
picture would be complete. The tumbler would he 
a blood vessel and the discs red blood corpuscles 
which by virtue of a substance contained in them oi 
absent from them are divisible into four grou]>s: 
groiij) O (substance absent), group A (substance A 
l)revSent), group B (substance B present) and group 
AB (lioth substances present). The substances arc 
stickahle and the red blood cells containing them 
are .stuck together (fastened) agglutinated by the 
appropriate sticking substances. The fasteiicis, 
which are purely imaginary as far as their sh;ipc 
goes would be the appropriate sticking substances in 
the added water. The stickablc sul)Stance A is 
technically called isohaemagglutinogen A and the 
stickablc substance B is isohaemagglutinogen B. '1 
slicking sub.stancc (the fastener) a is the isohacumc* 
glutinin a and the sticking substance (the fastener) 
b is the isohaemagglutinin b. 
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Technically the blood groups are constituted 
•hus: — 


[>Iiacmagglntinogcn Tsobncinngglutinin 


O and 

ab 

- group O 

A 

b 

A 

B „ * 

a 

- o B 

AB 

o (nil) 

.. AB 


The blood groups have been named in three 
<1ilTeicnt ways. The diagram gives the e(inivalenls 
,.f the new way in old terminology also. The new 
way has come to stay. 


TABLE SHOWING THE INHERITANCE OF 
BLOOD GROUPS. 



Bt.oon Groups 

IN PARli.N'T.S AM) 

C'HII.r)RI;N. 


Parents 

Children 

Children 


possible 

iuqH)Ssil)le 

1 

X O 

O 

A, B, AB 

2 

O X A 

O. A 

B, AB 

3 

O X B 

o, n 

A. AB 

4 

> 

X 

> 

O, A 

B, AB 

5 

A X B 

O, A, B, AB 


6 

B X B 

O, B 

A, AB 

7 

O xAB 

A, B 

O, AB 

8 

A xAB 

A. B, AB 

<) 

9 

B xAB 

A. B, AB 

() 

10 

AB xAB 

A, B. AB 

() 


Thkik usk in Biax:)n Transi-uston 

Tn bl(X)d traiisfiisicn blood is tabcii from the 
\eins of a healthy person, the donor, and injected 
into the veins of a sick person, the reci])ient. Before 
so it is ascertained whether the iniected blood 
will be without effect on and will not be affected Iw 
Ilk* 1)lo(xl in the recipient, in other words the com- 
j^nl Utility of the two bloods is asct'rtained. The 
(If)nor and the recipient must cither belong to the 
same group or the donor iiiust be a safe uuhrrsal 
donor. All group O donors are usually called 
universal donors, though all of them are not safe. 
I'or details on cotnpntibility recent vv’rilings on the 
Mihjcct must be consulted. 


Tiiiur Usk in Dktkkmfnino Patkk.mty and 
]M\ti<:rnity in Casks ok IXmirr ok Disi’utk 

Doubts and disjmtcs on the paternity and mater- 
nil v arise from various causes. Without going into 
tlk- details of Mendclian inheritance and other 
liinlogical subtleties it may be stated simi)ly that the 
hlood group of the father and the mother can be 
iiihorited by the offspring in a certain way only. 

1 l>c following table gives the inheritance of the blooil 
.•’iniips. It will be seen that the determination of 
dk blofnl grout) the puri)Ose (the blood test) can 
'•Jily say that Master Tom cannot be the son of 
^ir Smith. It cannot say that Mfister Tom is the 
of Mr Brown. The most it can s.ay is that Master 
I'uii can be the son of Mr Brovv'ii. The same 
Huiarks apply to the maternity of Mrs Smith and 
‘Mrs Brown. 

When blood groups fail, blood sub-groups and 
I 'ccd types may succeed. They deserve an indepen- 

lit communication. 

7 


Tiikjr Usk in tiik Study ok (Iknkttcs 

A very siinjde instance of the inheritance of the 
dominant and recessive characters is the inheritance 
of Die bloo<l groups. Mass statistics have hilly con- 
firmed the hypothesis. Those interested will read 
the recent literature on the subject. Room for sub- 
tleties in exjdaining uncxjiected findings also cxi.sts. 
It is worthy of remark, however, tliat the number of 
uiiex'pectcd findings has steadily decrea.sed with the 
improvements in the technique of grouping blood. 
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Organization of Public Health and Medical Services in India* 


R. N. Chopra 


Director f School of Tropical Medicine, Calcutta 


I,VN1>!MAKKS IN PriUJC IlKAI/ni ADMINISTRATION 
IN India 


can best be summed up in the words of the sanit;n\ 
commissioner at that time: — 


In a review of the public health administration 
in India at least three landmarks in the history of 
its development have to be consideredt *• -- 

1. The a])i>ointment of a Royal Commission 
to ciKjiiire into the health of the army 
in India iii^ 1850. 

II. The rejKjrt of the Plague Commission 
in 1904 following the outbreak of 
plague in 1896. 

III. The Reforms introduced by the (V)vern- 
ment of India Act of igig* 

The Royal Commission of 1859 was aiipointcd 
to eiKiuirc into the extremely unsatisfactory condi- 
tions of the health of the army in the country. 
Between 1859 and 186.^, the mortality rate among 
ICnropcan tn)o[)s was 69 per 1,000, while among 
Itnropean women in hnarried quarters* it varied from 
44 to 27b per T,noo. The Royal Commission recom- 
mended measures not only for the army but also 
for the civilian i)opulation. In accordance with its 
.suggestions 'Commissions of Public Health’ were 
established in Madras, Bombay and Bengal in 1864. 
The Commissions in Madras and Bengal, though 
they advocated far-reaching measures including the 
employment of trained public health staffs in the dis- 
tricts, did not lay down any definite policy. In the 
words of a former sanitary commissioner with the 
('•overnment of India, 'C,overnmenl had to deal wifli 
a population which was unwilling and unready to 
receive sanitation, which either frankly disbelieved 
in its efficacy and resented any change in established 
customs or was too ignorant and apathetic to under- 
stand the goal at which it aimed. vSanitary measures 
were received not only l)y indifference but by active 
opposition.* Under the circumstances, ' very little 
advance was T>ossible, but the outbreak of plague in 
1896 raised issues of fundamental importance which 

♦ Aclaptotl from Sir R-nin Nntli Chopr.q’s presidential 
address delivered ;it the .'iinui.d meeting of National Insti- 
tute of Seienecs of India at Tlennrcs on January 2, 11)41. 

t Raja, K. 0. K. R. 'A. plea for a forward Public Health 
Policy in India.’ Jnd. Med. Gaz., July, 1937. 


‘WHieu plague ai>pcared it was not a new diseasi , 
Imt it was new to the present generation in Indians 
and it has exacted a very heavy toll of deaths all 
over the country. The strangeness of the disease, 
the un|)opnlaplv of the mea.siires taken to control it 
and the importance of these measures have .served to 
rouse the people from their apathy and concenlrak 
the attention j)f all, but especially (d the educaUd 
classes, on sanitation in a way that nothing dn 
could have done. 

'At the same time plague has not been witlionl 
its effect on ('jovernmeiit. Previous to the acUeiil oi 
this disease it had been the generally aeeepled opinion 
that sjinitation was the work of any medical oHieei 
and rcciuircd no special training. A special sanilan 
.staff h.ad, therefore, not been considered of any \( i\ 
great importance. When plague appeared llie sliiil 
was inadciluate and unprepared ; action was t:ik< 11 
on general inineiples and sanitary mensuies weu- 
adopted, which, with further study of the sietiol<ig\, 
we now know were unsuitable and c«)iild do lillK- 
to (dicck the .spre.ad of the di.sease. The waste "l 
life, lime, monev and effort that resulted has im- 
pressed on ('lovcrmncnt the necessity of being pre- 
pared in future and large changes have been effecled 
with that object.* 


The report of the Plague Commission in i')o| 
advocated the reconstruction of the Sanitary Deparl- 
iiienl on a wide imperial basis, with the provision <'f 
adequate laboratory accomni(xlatioii for re.seareli, 
leaching and the production of .sera and vaccines. 
The Indian Research Fund Association was foinied 
in 1911 and a forward sanitary policy, with a devoln- 
tion of powers to the local governments, was f"i‘ 
mulatcd in a resolution of the Government of ln'l* ' 
ill 1914. 


The Montag iie-Chelm.sford Reforms of 1019 
a very marked effect on public health adniinist;:»' 
tion ; this was partly beneficial and in other rc.sp<.His 
detrimental. Provincial ministers responsible to 
legislature were anxious to hasten the growth nf 
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education, medical relief and sfinitation so far as 
funds permitted. The organization of trained public 
health staffs for url)tin and rural areas, which tlie 
eon I missions of public health had recommended in 
the sixties of the last century, was at last taken up 
ill eariie.st and in the years succeeding the introduc- 
lion of the Reforms^ the organization of health 
services became a marked feature in most provinces. 
Since 1921 there has indeed been far greater imblic 
health activity in the provinces than ever before. 

All civil medical services in presidencies and 
jiiovinces were formerly under the control of a single 
,i(linriiistrativc ofTicer known as the vSurgeoii-deiieral 
111 the former and the Inspector-General of Civil 
IIosi)itals in the latter. Unfortunately, owing to an 
iiiMstenl demand for medical relief, which is what 
.ippeals most to the individual in a community with 
;i relatively low^ standard of living, the available 
funds w'cre expended in the main on increasing ami 
liiiliroving hospitals ami dispensaries, and the 
i.Iivions need for more and yet more of tiiese, 
■i.socialed with a chronic shortage of funds led to 
liie neglect ot preventive nieasnies and particidai ly 
(pf those fundamental but costly ones comprised in 
ihe term ‘luivironmental Hygiene’. Relief of sick- 
ikss and sulTeriiig was readily understooil and appre- 
I'liitfd by the public, while the application of sanitary 
iiieasures, implying as it did inlerfereiice in age- 
IciiL'. habits, with restrictions which w'eie regarded as 
iiksome and trespassing upon vested interests or 
leligions eiistoms, was opixised on all hands by the 
;K.»)]»le wh<j are as conservative as any in the w'orld. 
I'.n fmssanl it may be noted that llie ixjsition in India 
at this time was generally very similar to that in 
1 ‘.upland some hnndred yens ago. 


»Si:rvr\tion oi*' Prkvkntivic and Curative 
Dkpartmknts 

Early in the present century the vSecretary of 
Stale for India caused the separation of preventive 
Ironi curative medicine by creating in each presi- 
'Uiicy and province a separate ‘department* for pre- 
M'litive medicine, with an indcpetidcnt budget, and 
miller an ofllcer designated as the ‘Sanitary Com- 
Mii'^sioncr’. The name of the ofllcer was changed in 
to the less appropriate one of ‘Director of Public 
Health’, and his department was also designated as 
Ike ‘Public Health Department’, lii many provinces 
die division of duties as between the heads of the 
‘lej)artments of curative and preventive medicine was 
fully specified, and only a broad distinction of 
alive and. preventive medicine was regarded as 
sullicienl. The formation of separate departments 
f“r preventive medicine in the various provinces pro- 
Mded a great ii^ipetus for this branch of medical 


work, and far-i caching, much-nceded reforms were 
])laniied. They found themselves faced with the 
immense problem of environmental hygiene in a land 
where, even in towns, safe water siip])ly ail'd siinitary 
systems of sewage and rubbish disposal were, as a 
rule, conspicuous by their absence, the housing of 
the iioorer classes w'as atrocious, and local adiiiini- 
slralioii, except in a few oulslaiiding eases, was over- 
shadowe<l by vested interests and correspondingly 
iueirieieiil. In the rural areas sanitation simi)ly did 
not exist, soil pollution was general, ilies swarmed, 
malaria and hookworm infection were almost 
universal, leprosy and tnlierciilosis were wide-spread, 
ami small-prjx, cholera, and plague regularly took 
their periodic tolls uiieoiitrolled by any environ- 
mental checks or preventive measures. The provi- 
sion of pH)i)erlv (inalilied and trained .stafT for this 
work i»resented a serious tlinicully. The iiieilical 
dei>arlmenl liad its system of hosjiitals and dispen- 
saries maniied by civil surgeons, assistant surgeons, 
ami sub-assislanl surgeons. In some provinces the 
civil Miigeoiis, originally e.x-ollicio district medical 
and Siuiilarv oflicLis, r . ‘tallied the dual charge, while 
the public health department was buiUling up a sub- 
ordinate personnel of sanitary inspectors, eindeinic 
snli-assistaiit surgeons or he.illh assistants to civil 
surgeons and later health \isilors. All thcvSe worked 
under the director of iniblie health who had one or 
more assistant directors and other specialists, leaving 
the inovisioii of llie more cosily full-time district 
health ollicers until the sul.H>rdiiiate personnel had 
been trained and appointed. Other provinces hastily 
at)t)ointed expensive district sanitary olTicers, whom 
in some cases they called medical ollmers of health, 
although, owing to the fact that every district 
already had a district medie'al olTjccr or the ‘civil- 
.siirgeon’ as he* is usually called tliroughout India, 
their duties were not comparable with those of medi- 
cal oilie'ers of health in England. I^'urther, in the 
absence of a separate staff of subordinates the work 
of these tiew^ ollicers w^as limited to advising only. 
As an exception, however, the presidency of Madras 
snccccdcd in creating a complete staff of health 
officers, assistant ollicers and siiiiitary insi lectors. 

Lack oi-' co-oi*i<;r xtio.n iimtwkkn Mmdicai. and 
PlJUMC HK\I/J'II DKrARniKxNTS 

The iiucstion at the present time is the lack of co- 
operation and conse iueiitly of co-orilinalion obtain- 
ing in many parts o[ India between the oflicial 
medical and public health depart meiils.’*’ This is 
a problem jiccnliar Dj India, for it does not exist in 
Western countries nor in the Dominions and Colonies 

* Jully, G. G. ‘The iieeil for cu-openilioii in the Medical 
Health vServices of India, with special reference to Maternity 
and Child Welfare.’ Imi. Mvd. C>az., April, 1940. 
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where the separation of the official health services 
into ‘curative* and ‘preventive* sections has never 
lx.*cn eilccted. To some extent this is due to the 
unsuital)le titles given to the respective depart- 
ments and still more to their administrative heads. 
There is sufficient evidence of a lack of co- 
operation between the two official departments and 
of the development of ‘exclusion’ instead of an 
esprit da corps, which can only be destructive in its 
elTccls. 'riie situation rc<iuires to be met by a close 
liaison Ixitween the two branches, such as, for 
example, obtains in the Government of India, where 
the Director-f'.eneral, Indian Medical Service, has 
the Public Health Commissioner working with him 
in his office as his principal staff colleague. vSuch an 
arrangement not only conduces to a close co-opera- 
tion, but the distribution of work is facilitated. The 
urgent necessity for a friendly collab<n'ation l)etween 
the two departments, if the syvStein is not to break 
down, is essential, and is recognized by experienced 
administrative officers of Ijoth dei)artments. The 
Central AdvivSory lloanl of Health, established in 
K)37, should prove a valuable agency in this direc- 
tion. At its meeting in Madras in January; 1939, it 
passed the following resolution for the establishment 
of similar Provincial Boards of Health : 

‘The Board stresses the desirability of esta- 
blishing in each Province and vState an Advisory 
Board of Health with the Minister-in-charge as 
Chairman*. 

While in reference to Maternity and Child Wel- 
fare it adopted the following resolution : 

‘Co-ordination Ixitwecn the medical and 
public health dei)artments is perhaps more vital 
in the field of Maternity and Child Welfare than 
in any other of medical and public health work.* 

If a policy of close friendly collaboration obtains 
between the two departments In the provinces and 
the relative spheres of each arc defined, the existing 
system w’ill continue to function tolerably well, but 
if friendly co-operation that .should be scnight ai^d 
loyally observed by the workers in both the depart- 
ments is replaced by a spirit of exclusion, and co- 
operation is stigmatized as a ‘dual control*, then a 
position in which the two departments are in ()i)posi- 
tion will arise sooner or later and the profession will 
he divided into two camps. Such a state of affairs 
will hardly be in the interest of either of the two 
departments, while the effects of such a controversy 
are bound to lead to a great deal of suffering for the 
poor public. 

The l)est solution of the problem appears to be 
the establishment of ministries of health in various 
provinces modelled on the English systejn with suit- 
able modifications in regard to the local conditions. 


PuBijc Hkau'h Skrvick in Grkat Britain 

The modern public health service in England ^ 
barely a quarter of a century old, and like so maiiy 
of the English institutions it arose more by accidc i{ 
than by design. The dissidiition of the monasteii..> 
left the destitute without ijny visible means .>1 
support until the year 1601, when the Elizabeth, n 
Poor Law established Parish Overseers and Wuik- 
hoiises— this system remained practically unchanged 
for over two centuries. Besides relieving destitutii;.i, 
these authorities carried out any measures that w\u 
necessary for the public health, such as the control 
of epidemics, the provision of sewers, or the abalo- 
ment of sanitary nuisances. In 1834 the Poor J.au 
Amendment Act was pas.sed after a great deal of 
agitation and following the Report of the Poor haw 
Commission of 183.!. This important Bill aiiial< a- 
mated the separate Parishes into Unions under \\w. 
control of Boards of Guardians. District medical 
officers were appointed to attend to the sick-poor, 
while the infirmaries were built to accommodate 
paupeis who were too ill to be kefit in the \\’<ak- 
houses. In 1S35 the Municipal Corporations Act was 
placed on statute l>ook to reform the chaotic .slate 
of the Borough (Government. 

Despite all these changes, the state of the pul die 
health was never taken very seriously until iIil 
cholera epidemics between 1839 and 1854 galvanized 
the Government into action, lulvvin Chadwick, oik- 
of the Poor Law Commissioners, in his Survey i)ilo 
the Sanitary Condition oj the J.abouring Classes V 
(ireai Britain, exposed not only the insanitary evils 
of the towns and villages, the hideous, legacy of I lie 
Industrial Revolution, but, by showing how closul} 
disea.se was related to iioverty, jirovided a coiiviiieiii!; 
argument in favour of far-reaching reforms. His 
‘sanitary idea* led to the appointment in 18/18 of tlic 
(General Board of Health, which, after a stormy life, 
was superseded by the Local Government Board of 
1871. In 1874 the country was divided into uihaii 
and sanitary districts, and medical officers ot hc.iHli 
and inspectors of nuisances were appointed for I lie 
first time. Credit is due to the authorities of tlic 
Liverpool Borough for having had the vision to 
appoint a Medical (Officer of Health much earlier. 
Then followed the great Public Health Act of u ^75 
which is the bulwark of all siuiitary laws. 

A further Municipal Corporation Act was pas-icl 
in 1882, while the year 1888 was conspicuous for tliv 
creation of County Councils and County Boroii.^li 
Councils. PTom this time onwards there has 
an ever widening stream of health legislaii'ni. 
Statute after statute has swollen the ranks of 
public health service to such an extent that today 
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there is scarcely any field of luinian activity in which 
the health officer does not play an important part. 
Another important landmark, the National Health 
Insurance Act of igii, provided the adult manual 
worker with compulsory insurance against loss of 
health. The Hill was hotly contested during its 
passage through Parliament, but it was successfully 
piloted and passed into law through the efforts t>f 
Mr lyloyd George. 

I'inally, the creation of a Ministry of IKallh in 
loig in place of the I^ocal Government Hoard was 
the crowning recognition of the iinixatance of health 
in the nation’s life. This wise step was made 
inevitable by the (kcat War of 1914 18. 

The general i)owers and duties of the Minister 
ill relation to health are defined in the second clau.se 
of the Ministry of Health Act, igig, as follows; 
'I'o take all such stcjis as may be desirable to secure 
the preparation, effective carrying out and co-ordina- 
tion of measures conducive to the health of the 
peo])le, including measures for the prevention and 
cure of diseases, the avoidance of fraud in connec- 
tion with alleged remedies therefor, the treatment of 
])hysical and mental defects, the treatment and care 
of the blind, the initiation and direction of research, 
the collection, prei)aration, publication and dissemi- 
nation of information and statistics relating thereto, 
and the training of persons for health services. 

pRoposKi) FuDiiRAL Ministry op' IlKAi/ni or tiik 
Govkrnmknt oif India 

In India a PYxleral Ministry of Health should 
be established at the centre to provide the necessary 
co-oi)eratioii agency for the provincial local st^lf- 
government departments, which are at present 
lespoiisible for the supervision of local l»dies and 
for public health administratif)ii in the provinces. 
This Ministry would also be re.spoiisible for the other 
health functions statutorily conferred on the Central 
Government by the Government of India Act of 
ig.^5. All problems in comiectioii with curative and 
preventive medicine should be dealt with by one 
department divided into approiiriate sections. The 
following sections arc tentatively suggested for con- 
sideration : — 

1. Prison medical service. 

2. Port sanitation and quarantine service. 

3. School medical service. 

4- Public health, including — 

(a) Medical intelligence, infectious diseases 
and international health. 

(h) Nutrition, food and drugs administration 
including biological products. 


Knvironmciital hygiene including hous- 
ing, water supidy, drainage, waste pro- 
ducts. 

(d) Iiiduslrial hygiene. 

5. Medical relief, including - 

(a) Maternity and Child \\\lfare, venereal 

diseases, tuixaciilo.sis, leprosy. 

(b) General practitioner services witli special 

reference to rural dispensaries. 

(r) Hospitals. 

(<i) Drug addiction. 

(c) Health Iiisuraiiee. 

0. Lunacy. 

7. Scientific research. 

Kur these purt)oscs, the Ministry should have a 
highly trained stall of exi>ert ailvisers. The Director- 
General, Indian Medical Service, who as the Surgeon- 
General with the Government of India most nearly 
corresponds to the Chief Medical Officer of the 
Ministry of Health in Unglaiul, has at present an 
insignificant number ol specialists on his staff. In 
Kiiglaiid though public health admiiii.stration is esta- 
blished on Well-regulated lilies, the Chief Medical 
Officer controls a strong team of workers in each 
special subject of medical health work, such as 
maternity and child welfare, tuberculosis, industrial 
hygiene and .so on. In India, on the other hand, 
while the conditions arc much more complex, and 
although the necessity for an expansion of the 
Central Government’s technical staff has been repeat- 
edly stressed by the Directors-Gciieral and Public 
Health Commissioiiers, the task is left to only two 
or three officers. 

The materials for the cstahlishnieiit of a Ministry 
of Health at the centre in India arc all available. 
Thus, though many of the bureaux are under private 
l)odics, their directors act .as advisers to the Director- 
General, Indian Medical vService, who, as a rule, is 
conuecled with such bodies as the chairman of their 
managing committees. Thus with the Director- 
General at the lop we have roughly: — 

1. Public Health Commissioner. 

Hureau of Quarantine, Infectious Di.seascs 
and International Health. 

2. Deputy Director-General. 

Personnel and listablishmcnl. Medical 
Relief, Medical Kducation, etc. 

3. Assistant Direclor-General (Store.s). 

Medical Supplies. 
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4. Maternity and Child Welfare Bureau of the 
Indian Red Cross Society. 

The Director-C'ieueral is the Chairniaii of 

■ the Bureau. 

5. Medical Coinniissioiier of the Tuberculosis 
AsvSociation of India. 

'rile Director-General is the Chairnian of 
this Association. 

(>. Medical Research. 

The Director-General is head of the Medi- 
cal Research Departinent and Chairnian 
of the Scientific Advisory Board, Indian 
Research h'uiid Association, while the 
Public Health Coniiiiissioner acts as its 
Secretary. 

7. Drugs Control. 

The Director-Cieueral has the Director of 
Drug Control laboratories on his staff, 
and he is also the Chairnian of the 
Advisory Board for Drug Control. 

8. Nutrition. 

The Director of .Nutrition Research In- 
stitute as the onicer-in-cliarge of the 
Nutrition Kiuiuiries of the Indian 
Research Inincl Association, acts as the 
expert adviser to the Director-General. 

ij. Malaria. 

The Director of the Malaria Institute of 
India acts as the adviser to the Dircctur- 
( icneral. 

Other loose connections exist or are being 
forged, c.g., leprosy through B. U. h. R. A. : f(Kxl 
.standards through a .standing coniinittec to lx; set up 
by the Advisory Board of Health, while new con- 
nections have to be established with the railway 
medical services, pri.son medical services, school 
medical services, etc. 

The provision of a suitalde staff of experts must’ 
devolve on the federal government and cannot be 
relegated to the t)rovinces. The Royal Commission 
on Health in Australia (ig25) emi)hasi/cd that, as 
‘the success of health administration is more depen- 
dent on the personality and capability of the olllccrs 
directing it than on any other single factor, the 
Commonwealth Government should be resiioii.sible for 
the maintenance of highly trained experts to advise 
and help hx’al authorities when desired by State 
Health Administrations*. If such an arrangement 
has succeeded in Australia, I agree with Raja (1937) 
that a similar plan might be equally successful in 
India. Moreover, a carefully selected central staff 


would, to some extent, avoid the duplication of post^ 
of highly specialized men in the component States (jj 
the federation, while the position and prestige oi 
the federal administration should enable it to attract 
the proper type of men. 

The selection of the federal chief medical oflicei 
should, however, be dependent' on his having Injlii 
medical and public health experience, and hi-, 
deputies must be given a chance to familiarize them- 
selves with the wide range of the curative, preven- 
tive and constructive aspects of medicine in the 
country. 

Bunijc IlKAi/ni Organization in tiih Provincus 

I{ach province slioiild have a chief medical ulhcei 
responsible to the Minister of Health of the pro- 
vince for the adiiiiiiislralion of the whole of tlu. 
medical .subject with a number of deputies in chari.e 
of the various departmeiUs, c.g., prisons, .schools, 
medical and public liealth problems. The deputies 
should be given a chance to work in different ilei);irl- 
iiieiits so that the chief medical oHicer of the fuliiie 
would have men available with Ihslhaud experieini 
of individual and eiiviionmeiilal hygiene, while 
regional medical olVicers should be appointed to lo(;k 
after various areas or zones. 

A provincial board of health under the chaiuii.ui 
ship of the Minister of Health should be conslilMieil 
in each ])ro\ince. The members should be draw 11 
from the medical and public health specialists and 
suitable persons .should be co-opted for dilTeriiit 
problems. The help of the revenue, education ami 
public works departments would be neodcil to .shape 
the health policy of the provinces. Suitable peisoii^ 
may l)e constituted into ad hoc eoniiiiittees to tackle 
important prol>lem.s of general and local interest, 
while the co-operation and advice of the speciali^t^ 
on the .staff of the Federal Ministry of Health should 
be available to the j)roviticial governments in eoii- 
iieelioj with problems of an all-India nature. 

In the districts, districts health committees 
should be formed for the same purpose. These 
should be presided over by the collector of the dislrii I 
or the president of the district bejard ; the co 
operation of lx)tli agencies is essential, and this alone 
will make it possible for these committees to woik 
elliciently. 

So far as the rural population is concerned, 
medical men engaged in curative work should be able 
to undertake public health duties as well. Their 
education and training should be of such a nature as 
to enable them to do so without difficulty. Th.* 
doctors engaged in combating epidemic diseasc.s 
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should be expected to undertake public health work 
when not dealing? with outbreaks of infectious 
diseases. The rural doctor, who is the final link 
between the health services in this country niul the 
|)eople, should also be responsible for i;ivin}r an 
eleincntary health education to the patients in con- 
nection with their immediate surroundings. Such 
instruction would be much more elTective than 
general lectures and demonstrations to large 
audiences. 


O )NCMJSn)N 

Tile vState is essentially resi)onsible for providing 
llie necessary agencies for l)olh preveiilivi* mid cura- 
tive medicine. Curative medicine forms au integral 
part of the i)ublic health services of a country inas- 
much as very often the sick man is the source of 
infection and no constructive medicine is possible 
unless the pn])ulation is rendered free from disease by 
treating the individuals. Again, according to the 
newer conceptions of a State, it is necessary that dis- 
ableiiieiit whether temporary or i»eniianeiit should 
llirouijh intensive use of curative medicine be cut 
down to the barest minimum. IMoreover, it is through 
eurative medicine alone th<at it is possible to w’in the 
eoiifideiice of the laiblic in a country like India and 
bring home to the people the advantages accruing 
I)ot1i from preventive and constructive medicine. 

Starting from the bottom, T consider that to 
meet the rcfiuireineiits of public health of the pojmla- 
tioii there should be a coiiilnncd estiiblishnient which 
should form the basis of preventive, curative, and 
cf)nstructive medicine in each villag:e, 'Phis should 
lie linked up with a more organi/.ed central agemw 
discharging these combined duties and csitering for 


a con veil ient-sized i^opulatioii, the bulk of which will 
dcjK-nd ui>on various factors such as comniunicatioiis, 
incidence of disease, etc. These primary <jrgani/ed 
Centres will have to be sntieiwised and assisted by a 
district centre in which there should lie a specialized 
staff for the main medical subjects. These district 
centres in turn should lie in touch with a larger pro- 
vincial organization in which the staff consisting of 
s])ecialists in various branches of medical science 
should work under a senior and exiierieiiced medical 
man. This latter should constitute the administra- 
tive head of the medical service in the ])roviuce under 
the provincial Ministry of Public Health. Tie should 
have a thorough training in the methods of jiublic 
heallh adminislralion, community health organiza- 
tinn, constructive medicine, etc. The staff of the 
]»rnvincial organizatinu should further be large 
eumigh tc) be utilized b)r medical and iiublic health 
training both for under-graduate and ])ost-graduate 
w ( irk . 

The activities of the health organization in 
different ])rovinces should be I'o-nrdiiiatetl by a more 
iliborate ajid efficieiil federal or au all-India organi- 
zation working under the federal Ministry of Health. 
The administrati\e head should be an officer with 
wide experience of pre\’enlive, mirative and construc- 
tive medicine, and ha\'e on his staff expert advisers 
ill as many of the impoit.'int branches of medicine 
as possible. With the advice and helj) of these 
ad\'isers, it should be his duty to deal with and co- 
ordin.'ite the prolileuis of public health which concern 
the country as a whole. Curatiw and preventive 
medicine jUusI work as one single whole ; to let them 
work sejiaratcly in wiiter-tiglit compartments is sure 
to lead to confusion, wliilc only an organization of 
the nature detailed above wall be able to deal siiceess- 
fnlly with the multifarious iiidlilcnis of tmblic heallh 
in this vast eoiintry. 


FUMIGATED MAIZE TO FOWLS TAINTED EGGS 

Maize samiilcs were kept in cardboard bo.xes with a (inantily of i»aradichlorobenzene as museum 
c.xhibits. After some uionlbs tliey w'erc discarded and lay exposed to the air for at least four weeks. These 
grains w^ere shelled and fed to a number of fowls ; the maize* being mi.xed in -tlie proportion of ajiproxi- 
in.'dely one-third maize and two-thirds nnfnmigated wheat. The mixture was used for the evening meal 
•mly. The Agricultural Gazette of the New South Wales reports that within a short time of commenoe- 
•nent of feeding a slight egg taint was noticed. The tainting steadily increased until at the end of 
twenty-one days after commciicemeut of feeding the taint was so objectionable tliat the eggs became 
uneatable. Moreover, the taint w’as carried tlirongh in various cooked sweets and (xikes to sucli an 
extent that comments were paSvScd by strangers who had no knowdedge of the egg taint. 

For some days after cessation of the feeding with the fumigated grain the eggs remained uneatable, 
’'ut the taint gradually became fainter and the last noticeable taint was detected in an egg which was 
> lid fortythree days after the removal of the maize from the mixture. Hoivever, the eggs were eatable 
Ix'fore this period. 
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The Economic History of Steel-Making, 1867-1939 

- ])v I). ly. Burn. Published by Canibridj'e 

University Press, 1040. Pi), xi I 548 with 4 

.^^^^l)lls and 2 maps. Pr/ci’ 2’/sh. 6 d. 

The book, as the title makes clear, deals with all 
the aspects of the economic history of steel-makiiii»’. 
Iron has been and will undoubtedly continue to be 
of the qreatest use to man, especially in the form of 
steel. In fact the backlK)ne of our present day 
civilisation is made of steel. Its study has always 
been a fascinatiiiii one and shall ever remain so. 

The study of economic history of steel-making 
is of all the more importance to India at this juncture 
as she is on the verge of industrialisation and is 
seriously busy in planning its nalional life. It need 
hardly be said that industrialisiilion cannot be even 
thought of unless the country is able to pnxluce 
cheaply and efTicicntly a large amount of steel. The 
experience of the various steel producing countries, 
the dinicnlties they have been encountering and the 
organisations which have been set up from time to 
time for the above jiurpose will make valuable 
reading to every thoughtful i>erson. 

The book, under review, deals with all these 
points in a very comprehensive manner, ft shows, 
among other things, how an important country like 
United Kingdom, with its huge empire and enormous 
resources, received a shake-up in some aspects of 
steel trade even in its own market. This has Ik^cu 
stated to be due to indifferent technical workers, 
bad location of different i)lants, obsolete machinery,* 
inefficieTit working, waste of fuel and too much 
individualistic nature of the in<lnslry. The l)ook 
further shows that firotcction of any industry with- 
out proper State control is not of much assistance 
to it. 

Attempts were made to grapple with the prob- 
lems of the steel industry in the United Kingdom by 
the novernment during the last Great War and after 
it. vSeveral Indies were set up to regulate the 
industry. During the thirties of the present century 
several Government committees (e.g., vSankey and 
May Committees) cmjuircd into the working of the 
industry and many important measures were re- 


commended. Saiikey Committee found that ‘wis-. 
planning of steel-making, from a national standpoint, 
cannot be perfectly achieved by the steel industi\ 
acting in isolation. If the disasters of the past aii. 
to be avoided, without a merely negative policy, then 
the actions of several industries must be concerted’. 
Unfortunately, for various reasons, elalx)rated in the 
book, all the recommendations of these committees 
were not acted upon and the steel industry in tli-.- 
United Kingdom did not improve as much as it 
could have done. As Mr Burn says h‘t would init 
be surjnising if in the near future the growth tA 
competition — from foreign ]>roducers in export 
markets, and from possible substitutes in the honu- 
trades — together with the threat of war provide a 
greater stimulant than any promptings of the com- 
mittees. 

The book is well documented with a wealth of 
references. M'he author has been at pains t«> siili- 
stantiate every little remark of his by (pioling at 
length various authorities and giving elaborate statis- 
tics. The general get-up of the brwk is excellent 
as is usual with all Cambridge University puldica- 
tions. The author is to be congratulated for his 
book, which would certainly find a place in all 
libr.aries. 

H. T. 


Physical Science in Art and Industry — by 1{. 

UicitARDSON, B.A., Ph.D., D.vSe. Pnbiislied b\ 
Knglisb Universities Press Utd., Uondoii, 
1940. Pp. xi-t-2C).A with index and 73 illiislra- 
tions including lines, plates and curves. /hn< 
iSsh. net. 

'I'lie book is a scmi-tcchnical exposition on IIk^ 
application of physics in its various branches ami I'- 
presented in an interesting manner which woiil'1 
stimulate scientific ideas in the readers. The autla r 

writes in his preface it may be found 

serious reading than the first book*', with refereiH’ ’ 
to his earlier publication, Physical Science in Moder^i 
Life, hope** the author continues in the prefa^ . 
“it will appeal to those professional physicists 
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whether research workers or teachersr— to whom the 
ciirlier one would appear puerile*’. This makes the 
luthor’s motive clear. The book will be very help- 
ful as each chapter is provided with a short biblio- 
:^raphy on the topic of the chapter. 

The iKiok opens with locomotions of vehicles, 
.hips and aeroplanes and three chapters are devt)ted 
lo the subject. It does mjt merely describe the 
i-oiistniction of the machities (which may be the pro- 
vince of a ‘popular’ book) but points out the various 
problems and their solutions which have led to the 
iniprovements in the techni(]ue of mo<lern traffic and 
transport. These chapters deal with in a non- 
niathcmatical way the science of road-iuakin}>, 
•liscovery and advantage of pneumatic tyres, speed 
of racing car, slreain-linc body, rocket car, problem 
of frictitm, coupled wheels, sails (flat and rotaliiiiJ: 
drum), ])ropulsioii screw, consideration of lift and 
(Ira.e in an aeroplane, wind tunnel, and problems of 
Morofoil. 


In chapter IV the author deals with communica- 
tion physics of lelet'raphy and telephony, not 
ext'lndiiiK principles of hearing, ear-imi)edance and 
subjective tone. 

Chapters V and VI are devoted to pottery and 
culinary art lK)th of which have great deal to do 
with grain si/e (of clay or flour as the case may Ik?), 
.'ulliesives between the particles, elasticity, plasticity, 
pn)l)lems of baking etc. The next chapter, Physics 
on the Farm, deals with soil fertility, colloidal soil, 
soil texture, capillarity of soil, etc. All these 
chii])ters take into account in an interesting way the 
])rinciplc of Stoke’s sedimentation law, measurements 
(jf turbidity and particle size by ])lu)toclcctric invtbod. 
The discussion on artificial healing of soil in the 
northern countries with manure, steam pipe and 
electrical means, is interesting. 


The next chapter on River Hydrology gives the 
ie:ider an idea of the science of erosion and silt depo- 
silitm as tlie stream flows on. It also describes the 
liiboratory experiments with model rivers for the 
study of the same. Soil texture and porosity and 
other factors dealt with in earlier chapters have great 
hearing on the river physics, so that the author’s 
airangcment of the chapters has been a linked one. 


The chapter on Mine Physics discusses the 
s( •luces of mine accidents and its remedy through 
application of photoelectric relay, noxious gas 
detectors, safety lamps, dust precipitators and a 
muiiber of other devices. The other side which 
d^^als with echo-prospecting for subterranean oil 
magnetic-prospecting for iron and other 
"’•'guetic ores, and electrical prosiiccting for coal, is 
highly interesting. • 

8 


Such prospecting has again been referred to in 
the next chapter on Fine Art atid Archaeology. 
Apart from aerial survey of the archae()lo;«ical sites 
the seismic or ccho-prospecting in conjunction with 
a cathode-ray oscillograph gives a check against 
indi.scriininate digging. On the other side, paints 
and paintings have been discussed in the light of 
l)hysic*al science. The grain si/e of the iiaints, 
dispersion medium, thixotropic behaviour of the 
jiainl c-imilsif)!! have been <liscussed in an iiilerestiiig 
way. The ciiiployment of electron microscope for 
the determination of the unihuinity of paint giains, 
and of tintometers for giadin- the colours, rouses 
c'ousiderahle iiilerc.st. It has also been pointed out 
how the examination of tlie old masterpieces of 
l>aiiilin.g and old doemnents under infra-red, ultra- 
violet and X-rays have enabled the scientists to 
disclose a number of mysteries relating l(j many of 
them. 

Chapters XI and XIT on IhtiMiiig Materials 
and Architectural Physics deals with strength of 
materials, acoustical ami thermal iiisulalin- proper- 
ties, sound- and light-condition in ilu. room and 
auditoriiiin, and niher allied problems like ventilat- 
ing and air-conditioning of riKuns and vehicles. 
The acoustical conditioning, and the consideialimi of 
rcvcrlK'ration in a lecture theatre or in a iiuisii’ hall 
is interesting. The day-light effect and glare-proof 
diffuse illnniination has been referred to ; the prob- 
lem of polarized light and its glareless illiiminaliiig 
properly has however been omitted. Polariscil light 
has not only V)een em])loyed with success in 
microscopy, hut the use of polaroids is coming to a 
commercial possibility in producing glare-proof 
illuniiiialiou indoors. 

In tlic next chapter (XIII) on J^cience and the 
Musician some of the problems on the construction 
of different musical instruments have been taken 
np. It also refers to straight and bell-sha])ed end 
of wind instnmients in connection with exponential 
curve of a loud speaker or other lone chambers for 
low acoustical impedance and proper sound radia- 
tion. Sound boards of stringed inslruineiils have 
likewise been noted. /Phe cliai)ler has also 
presented the principles of electric organs working 
with oscillating circuits, and the interesting inelhotls 
of blending the concordant liannonics. The 
blending of harmonics however caniiol produce a 
trtie copy of the tune of a clarionet or a violin 
which, apart from their harmonic admixture, has 
characteristics arising from the wood and metal 
structures and air cavities, which give rise to 
defective minor notes. The author has also dis- 
cus.sed the psychological effect ] nod need by a 
natural instrument against an electric one in which 
the faults of a natural instrument are absent. He 
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however asks the readers and the musicians to 
decide which of the natural instrument and the ideal 
electronic should be preferred and followed. The 
same problem arises in connection with the faith- 
ful reproduction in hifth-fidclity microphone. The 
author might have hazarded a decision on this 
matter supi)orted by the modern studio practice 
which filters out some undesirable harmonics and 
alters the proportion of bass to sharp overtones in 
a vocal or natural instrumental music. 

Coming next to textile physics we read the 
l)ehaviour (strength, flexil>ility, etc.) of silk, wool 
and cotton fibres under difTereiit conditions of 
moisture, heat and physico-chemical treatment. It 
also touches upon the manufacture of rayons, and 
the cfTect of mcrcerisiition on cotton fibres. The 
chained structure of molecules in a fibre as indicated 
by the X-ray study iiiuler normal as well as 
lensioned conditions has also been explained. The 
study and grading of colour and lustre of the fabrics 
have been appropriately included. 

The last cha])ter (XV) is on the art of war 
which is of considerable interest at the time of 
jmblication of the book. iMost of the war tactics, 
as the author has mentioned at the beginning of the 
chapter, are secret, but some knowledge has per- 
colated out. The chapter is devoted to .sound 
ranging, determination of the velocity of explosion 
wave in powder, velocity of bullet and its range 
etc. This chapter appears to have fallen short of a 
reader’s expectation. The chapter is short com- 
pared with the average length of the others. We 
do not find any reference to optical and ultrasonic 
ranging for sub-marine detections. The reader will 
be particularly disappointed not to find any mention 
of magnetic mine which is so much heard of at the 
present time. Probably the author has been very 
cautious not to probe into secret researches. 

I'o sum uf), we repeat that the book has been 
an expert presentation of llie principles of physical 
science which is the source of vast develoimieiits in 
various branches of art and industry of t(xlay. TlTc 
author deserves congratulations for bringing out such 
a lKx>k with a vast wealth of information at this time. 

K. Ray. 

Forest Research in India, 1938-39, Part II — 

Reports for Burma and Indian Provinces — 

(Government of India Publication. 

Forest research* in India falls under the follow- 
ing four major divisions, namely (i*) silviculture and 
working plans, (ii) forest botany, (iit) forest ento- 

♦ A review of the Part I r)f the Report was publi.slicd in 
the September issue (pp. 163-5) of this journal. 


mology and {iv) utilisation and economic research. 
The work under each head is again classified accord 
ing to provincial requirements. 

Experimental silvicultural operations in tln' 
several provinces include natural and artificial re 
generations, .seed test and nursery works, reclamation 
and afforestation, tending and preservation and other 
miscellaneous items of work. Natural regeneratioii 
of forest species appears to vary from province to 
province in method and in the species treated, tlio 
procedure adopted being adaptable to the peculiar 
needs of the particular species tried and to the 
natural conditions and prevalent types in the areas 
worked. 

The special types of forests that have been 
tackled so far are (r) the cver-green forc.sts of 
D\ filer (year pus iurbinatus, Phoebe ^oulparcnsis etc., 
in Assam, (2) v^al (Shorca robusta) in Bengal and 
Bchar, where such other forests as those Acadu 
ealcchu and Dalherfria sissoo in the savannahs of 
Bengal and of Dendrocalawns si rictus in Bchar arc 
also under study, (3) Teak in Madras, Coorg and 
Burma, besides such evergreen types as Ilopeas, 
Calophyllums and Dysoxylums in Madras, (4) Coni- 
fers in the Punjab and the N. W. F. Province etc. 

The results of these silvicultural experimcnls, 
which arc subject to diverse natural and biological 
factors appear to have been variable, being good, 
bad and indifferent. As exploitation of the Indian 
forests without sufficient stocks would end in a 
disaster of great magnitude, the work of regenen - 
tion, reclamation and afforestation assumes very 
great importance and should prol)ably be carried on 
unceasingly, wdth enthusiasm, forethought ainl 
intelligence, gained by ups and downs met with in 
the course of the work. 

Apart from work on indigenous species, tlic 
forest research appears to have been directed to 
exotics as wtII, .such as the tung oil plants in Comg, 
Madras and Bombay, the African oil palm, the 
Andaman padaiik and camphor plants in Mad ms. 
The hopeful results obtined so far is encomaginir 
and angnrs well for the welfare of the country. 

On the entomological side, the defoliators of 
teak, Dipterocarpns etc., and the beehole lx)rcrs of 
several other trees were referrd to the forst cnlo- 
mologist, Dehra Dun. The problem of sandal spihe 
and its control has been engaging the attention of 
the research section of Madras forest department for 
a considerable time and yet its control appears to he 
an unsolved one. 

Lastly, but the most important of all, bccunsc 
of the revenue yielded by them, is the research n» 
•utilisation and economy. The several items that 
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come under this head are wood technology, wood 
seasoning, timber testing, wood preservation, wood 
working, match woods, firewood and charcoal, wood 
lor packing cases, plywood and veneer paper pulp, 
tans, minor forest products, initiation of cottage 
industries, commercial activities, publicity, propa- 
ganda, help and advice. A perusal of the work 
under each of the above items of work reveals the 
fact that there arc vast quantities of raw materials 
ill the forests of India sufficient to support a number 
of industrial enterprises such as manufacture of 
[)aper, plywood, tool handles, matches, tea boxes, 
etc., etc. 

The idea of preservation of natural flora and the 
maintenance of dilTcrent types of forests has not 
come a day too soon and the forest department in 
Bengal which reports of attempts at such a venture 
lias to be congratulated. Because it is very well 
known to one and all that there are, if any at all, 
only a few inaccessible spots in the forests of India 
that has resisted the woodman’s axe and rapacity in 
the past. Natural forests have not only an economic 
value but also a very high educative value in the 
study of the science of Ixitany and allied subjects. 
J.egislation against wilful devastation of forests and 
extinction of rare species has come to the aid of the 
botanist in other parts of the world. But India has 
not been fortunate in that rCvSpect. A sense of 
preservation and maintenance of natural flora is a 
welcome sign for the future of our natural forests 
and it is hoped that other provinces would also pay 
attention to this aspect of forest conservancy if they 
have not already done so. We know of game laws 
and preservation from and restriction against the all- 
eager arm of the hunter, but the idea of preservation 
of the indigenous primeval flora has been absent in 
the past. 

Forest lx)tany does not figure much in the pro- 
vinces except in Assam ami Burma, where the forest 
departments maintain their own herbaria under the 
charge of the botanical forest officer in Assam and 
the silviculturist in Burma. Periodical additions are 
being made by departmental exploration and collec- 
tion of plants from unexplored and little explored 
areas. The importance of herbaria to the forest 
deparnient is too well known to need further 


comment. Suffice it to say tliat the herbarium is to 
the forester what the axe is to the wood cutter. From 
the absence of any reference in the report to botani- 
cal activity in the provinces other than Assam and 
Burma, it is presumed that the other provinces have 
outgrown that stage where recourse to herbarium is 
essciitial at every step in the work of the forest 
deiiartmcnt. But it is a truism that there can bo no 
stage where such a recourse to a well-equipped 
herbarium becomes unnecessary. 

The report shows that the forest research in 
India is assuming considerable i»ro]>ortions and 
augurs well for the future of Indian revenues from 
the forest wealth. 

F. N. 


General Physics-by W. L. Wiiitkmcy, B.Sc. 

Published by Loudon University Press Ltd. 

19.10. Pp. viii f5t)o with figures. Price ys. 6d. 

The book consists of five sections dealing with 
the fundamental principles of mechanics, heat, light, 
sound and magnetism and electricity, ’fhe standard 
of treatment of these subjects is that recpiired for 
the general physics i)apcrs in the matriculation 
examination of London University, but the Ixwk 
also covers very nearly the syllabus in physics for 
the I. Sc. examinalion of Calcutta University. It 
however docs not cover the said syllabus completely, 
because a few toincs in beat, light and sound have 
I>een either omitled or discussed very briefly. The 
section on mechanics includes the whole course on 
hydrostatics for the I. Sc. examination. Abundance 
of illustrations is a si)ccial feature of this book and 
these illustrations will help the Ixigiiiner in under- 
standing the subject very quickly. Students of 
average merit preparing for the l.vSc. examination 
of Calcutta University with jihysics as one of the 
papers will find this lx)ok immensely useful to them. 
• Considering the (inality of paper and printing and 
the number of illustrations, the price of the book 
seems to be quite moderate. 

5. C .S. 
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Possible Earth’s Field Effect On Atmospheric 
Spectrum Intensities 

111 a comimmication to this journal' there 
appeared a report of investigations undertaken hy 
the writer which suggested a close correlation 
lietweeii banil intensity variations in the absorption 
spectrum of the lower atmosphere when viewed in a 
direction horizontal to the earth’s surface and, 
simultaneously, changes in the potential gradient of 
the earth’s electric field at site. The hojic was 
expressed that detailed spectroscopic studies would 
be undertaken immediately to establish the existence 
of such a relationship, but the c(>nse(iuciit incidence 
of war conditions rendered it extremely difficult to 
carry out the work at Bombay and the experiments 
had to be posti)oned. However it is expected it will 
soon be i)ossible to set up the necessary equipment 
in the interior of the country where night lighting 
restrictions do not exist and where it will Ixj per- 
missible to project a iiowerful beam of light a 
considerable distance from source. In view, how- 
ever, of the criticism which the writer has received 
regarding” his hypothesis, a considerable portion of 
which has been constructive, it is necessary to 
enunciate this interesting problem afre.sh. 

The transparency of the atmosphere at a certain 
place to dilTerent wavelengths of light even to very 
narrow limits of the same absorption band, has long 
been known to vary within a very short space of 
time, though no adeipiate explanation of the pheno- 
menon has yet been forthcoming. It is reasonable 
to suppose, however, that the changes are due in a 
large measure to selective .absorption by molecules 
of oxygen in the air. O.xygcn has no bauds in the 
bluc-grccn and in the blue-violet regions and, there- 
fore, did not register systematic variations in the 
writer’s own observations'. Intensity variations also 
ai)pcarcd in the observations of Childs and Mecke'* 
and of Babcock and Dieke'*, but have also not Ik'cu 
accounteil for. Schlapp® offered a mathematical 
formula which imidies that there occur changes in 
the expression A/B, (in which A is a measure of the 
cosine-square coupling Ixdwecn the total electron 
spin of the molecule and the quantized component 


of the orbital electronic angular momentum along 
axis of figure, and B is the usual term Ii^/Stt®!)— alt,u 
a supposition for which there does not at prCvSeul 
appear to be any physical justification. Sul^sequeiit 
work®'^ would nevertheless indicate that the ]X)ssi- 
bility of action by a superposed electric field might 
well be examined as a possible cause of the intensity 
anomalies experienced, even apart from the writer’s 
own deductions. 

Now the earth’s atmosphere may be considered 
as being entirely enveloped in a terrestrial maguelie, 
and ill a terrestrial electric, field. The former is 
known to vary in magnitude but the change is so 
small that the magnetic field may be said to remain 
constant for our purpose. The latter, however, 
changes considerably and in the course of a single 
night may vary in magnitude from one volt per cm. 
to five. The atmosidieric oxygen molecule likewise, 
may be said to have a resultant magnetic field due 
to rotation of the molecule as a whole and, foi 
reasons given below, a resultant electric field. 

At all times, therefore, the molecule would take 
up such an orientation in space as to be in the resiil 
taut of the two above-noted earth’s forces acting on 
it. It is clear, therefore, that for a given cloclric 
field strength there would be a corresponding angle 
of orieiilaiion which the molecule would make willi 
the line of direction of the earth’s electric field ; 
and for such a setting of the angle a certain group 
of bauds or band l^raiiches would exhibit maximum 
intensity at a particular moment, since each group 
has its ‘*own” orientation angle of maxininm absorp- 
tion®. Should the field strength now change to a 
new magnitude, the molecule would make a new 
angle with the direction of the field and a new .set 
of intensities would make its appearance. There 
would thus occur changes in band or band branch 
intensity corresponding to the strength of the earth’s 
electric field at a particular instant. Such a possi- 
bility has also been envisaged in the paper by Kului. 
Duhrkop and Martin referred to above and, though 
they used an organic liquid for their absorbing 
medium, the results are not vastly different if 
consider the fact that they used a stronger electric 
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lleld. It is interesting to note that they observed a 
lifTerent intensity variation within the same absorp- 
lion band, for their findings arc in good agieciiicnt 
with those recorded by Childs and Meckc’ in the 
atmospheric absorption bands. 

There remains only the question as to whether 
or not there exists an electric dipole in the atmos- 
]>heric oxygen molecule, however small in magni- 
tude. The assumption of a polar field has lK*en 
made on two grounds : firstly, the existence in the 
immediate neighliourhood of the molecule of the 
powerful atmospheric water vapour dipole may 
reasonably be exjiected to induce a small electric 
moment in an adjacent, otherwise liomopolar, 
oxygen molecule. Secondly, spectroscopic observa- 
tions by Babcock* and by Mulliken'' strongly suggest 
the possibility of the atmospheric oxygen molecule 
))ch:iving otherwise than in a symmetrical, liomopolar 
iiunincr. Under the circumstances the assumption 
of a hetero- or pseudo-polar character on the i)art 
of the atmospheric molecule is apparently the only 
course open to us. 

In conclusion the writer wishes to express his 
platitude to Dr S. R. vSavur for the use of the 
tketrographs of Colaba Observatory, and to Ixith 
Prof. G. R. Paranjpye and Dr N. R. Tawdc for the 
nse of the spectroscopic lalxiratory of the Royal 
Institute of Science at Bombay. Further work is 
liioceeding. 

C.'ue of the Alfred B. Arlick, 

Co 1 I ba (. )bser vator y , 

Bombay, 6-1-1941. 

' A. H. Arlick, ScihNCU and CuUukk, 5, 62, 1030-4(>. 


“ I'rivatc coiiiiiiuiiicatioiis with J. II. Van Vlcck, 
1 . J. W. Whipple, and others. 

'W. H. J. Childs add R. Mccke, /. Phystk 6S, 

311. 19.31. 

' (k JI, Dicke and II. D. Babcock, Proc. h’al. Acad, 
Si i. of Wash. 13, 670, 1927. 

'K. Schlapp, Phys. Rev. 51, 345, 19.37. 

" W. Kuhn, R. Diihrkop and II. Marlin, ZcHs. f. Phvs. 
Uinn. li. 45, 2. 121, 1939. 

■ V. A. Johnston, Phys. Rev. 57, 621, 1940 (anonialou.s 
''.ituring in crystals). 

■'ll. D. Babcock, Proc. Nal. Acad. Sci. of IVask. 15, 
471, 1929. 

“ H. vS. Mulliken, Phys. Rev. 32. 886-887, 1928. 


The Analysis of Incomplete Split-plot Designs 

111 view of the different errors used for com- 
paring the whole-plot and the sub-plot treatments, 
the analysis of incomplete split-plot designs cannot 
1)0 done on lines similar to that of the ordinary 
incomplete experiments. The sum of squares for 
the main blocks, the whole-plot and the sub- plot 
treatments can be calculated in the usual way by 
fitting constants'. The sum of squares for errors (a) 
and (h) together is Cfiual to the total sum of squares 
minu.s the reduction in error by fitting constants for 
the effects of the main blocks and the treatiiieiit- 
('onibinalioiis. We have now to calculate the errors 
(a) and (6) separately. 

To calculate the sum of scjuarcs for error (6), 
{i.c., error appropriate for comparing the sub-plot 
treatments and the interactions) wc .«i)lit up the 
wlw)le experiment into as many hypothetical simple 
experiments as there are whole-plot treatments by 
grouping similar whole-plot treatments of the 
different main blocks. ^I'he sum of siinares for the 
residual error with the respective degrees of freedom 
for every one of the hy])t>lhelical experiment (com- 
I)lete or incomplete) is calculated after making 
allow.'ince for the blocks and the sub-])lols treatment 
effects. It can be shown that the totals of the sum 
of squares and the degrees of freedom of the residual 
error of all the hypf)thelical experiments are equal to 
the sum of stjuares and the degrees of freedom for 
error (h). Knowing error (/>), error (a.) can be 
easily calculated from the sum of squares for errors 
(ii) and (h) together which has already been 
estimated. 


P. V. Krishna Iyer 

Imperial Agricultural 
Research 1 nst itule , 

>Jew Delhi, 29-11-1940. 
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Science in War 


HOOK under the alxivc title published in the 
Scries has been lying on our table for 
some time past.* \Vc are told in the preface that 
the book owes its origin to an informal discussion 
amongst 25 eminent scientists of Kiigland who 
gathered round a dinner table. They were not 
satisfied with the way in which the Hritish Govern- 
ment was making use of science and scientists for 
the prosecution of the war and decided to voice their 
‘constructive criticisms* in the form of a liooklct. 
'rile difliculties of writing on these subjects are 
obvious. Tt was not possible for the writers under 
the conditions of the Oflicial Secrets Act to reveal 
their mind completely or give out their views clearly 
• Ml many important points, specially on those dealing 
with important phases of military preparations or 
autiial weapons of war. Hut on points on which 
I'liticisms could lx: freely expressed they have been 
extraordinarily frank and outspoken. We consider 
't a most timely publication and every scientific 
^Norker should go through this little Ixxik. 

The main thesis of the book is that Great Hritain 
‘-veil nine months after the declaration of the present 
war, had not learnt properly the lessons of the last 
threat War and had failed to make sufficient use of 


I he book appears to have been published in Ungland 
June last year, but owing to war-conditions it 
• cached this country iiiucli later in the year. The few 
out here were so<.)ii sold out, and we had some 
' alieulty in finding one for our own use. The review is 
•crcfoi'e soincwliut belated but needs no apology t)n account 
the importance of the subject. * 


.science. They lx*gin with an exainiiialion of the 
role of science in a life and death struggle like 
the present one. According to the authors ; 

“Science, it be urged strongly enough, is soine- 

lliiiig which <l()cs not stand outside the onlinary w.-iys of 
acting .and thinking. It is siinplv the most orderly 
c.xpre.ssion of those ways. There is therefore i\ gre.ater need 
for .science in the prc.sent .situation than there ever has 
been in the quiet days of the past. It is not sutrieiciit 
merely to Use science to solve problems that arc seen to 
ex'isl. What is much more important is to use science to 
di.scover what the problems are and what is their order of 

iiiip<)rlaiicc Science is also re(|nired iti the general 

ta.sk of .surveying the whole field of needs in war, and for 
imlicating the best directions in which efforts should be 
expended”. 

Thus not only should science Ix^ more liberally 
employed by this or that departiuenl for particular 
problems but a scientific ajiproach is needed to the 
Problem of war in its entirety. 

The review covers the whole field of armaments 
(of course, as far as censor^^hip would allow), care of 
the wounded, problems of supply of food of proper 
calorific and vitamin value for the military and civil 
l)opulation, tiuestions of rational agriculture, ration- 
alisation of industries with proper emphasis on the 
health and comfort of workers, maintenance of morale 
and organisation of scientific research. In the first 
few pages there is a sketchy account of some of the 
contributions of science in the field of warfare e.g., 
combating new weapons, invention of substitutes and 
conquest of typhoid and typhus, etc. In the sub- 
sequent chapters we find a full and frank criticism 
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of llic British Government’s failure to deal with the 
vast majority of war problems and siij^^cstions of 
how some of tlic failures may be remedied by using 
science not only exclusively on the technical side of 
warfare but also on the more vitally important 
(piestions of i)olicy, strategy, tactics and morale. 
It is not as yet appreciated that the use of weaiwuis 
devised by science and the orgaiii/ation of the men 
who handle them are as much scientific problems as 
is the prod net ir>n of weapons. Afany of the factors in 
military operations may be subjected to diret't scieti- 
titlc analysis, and though the ultimate answer as to 
whether these operations actually yield the expected 
results or not is provided by victory or defeat, 
scientific analysis brings to light the factors contri- 
buting to that victory or defeat and the degree to 
which each contributes, thus making it easy to 
organi/e for future operations. As an instance, the 
writers mention tlie i»roblcm of defeating the German 
tanks which might have been tackled in a scientific 
way on the lines already discovered by the trial and 
error metluxls of the Rcpiihlicans during the 
Sj)anisl', Civil War. Hut these les.s(.)ns were not learnt 
hy the; military authorities on the Allied side. The 
failure of the British and h'rench anti-tank measures 
during the recent campaign in Belgium and France 
“could have been predicted and was in fact pre- 
tlicted”. Another acute problem, namely, that of 
camouflage was tackled by tbe British (hivernmeiil in 
such a non-scicntific way that it called forth a good 
deal of criticism from scientists of eminence. A 
scrutiny of the personnel engaged at the Civil 
Defence Camouflage Fstablishineiit revealed that 
more than oo per cent were lU'ofcssional artists and 
none had attended a course in the science of 
camouflage. Not a single member of the establish- 
ment was a ipudified biologist though many well- 
dePned princijdcs of camouflage are known to have 
been derived from researches in biology and psycho- 
logy. Nature was constrained to rciiiark ; “Tinder 
the incscnt system, the men who know best what 
.should be done .seem to be excluded from getting 
anything done. Unless and until the fundamental 
biological principles are understood and applied by 
the authorities, attempts at camouflage are merely 
ridiculous’*. 

The needs in present-day warfare include not 
only adecinalo production and supply of actual 
weapons of wiiv, such as arms, aeroplanes and 
e.xplosivcs, bu^ also the maintenance of the tenor of 
life of the military and civil population by protecting 
against blockades and closing of trades routes. In 


the last war neglect of these needs led to disastei 
and untold misery of the civilian population. Thi^ 
hai)pcned not only in tlie Allied countries, but in 
enemy countries as well. We are told that in 
Germany during the lavSt war little attention wa^ 
paid to the problems of nutrition, the diets heiii- 
deficient in calories and lacking in vilamiIl^ 
“Germany collapsed**, we arc told “not onh 
because of shortage of ffK:>d, but als4) lx‘canse Ikj 
Government failed to realize the importance ni 
vitamins and the people therefore lH?came riddkil 
with disease. The morale of the population fell, 
deficiency diseases (rickets, scurvy, war-dropsy ami 
the like) became prevalent and though food short- 
age had brought her near to ca])itulation earliei 
vitamin shortage was the most important cause* ol 
the collapse of the home front in Germany in igiS”. 

The position was not much better in the Britisli 
Isle.^ and the other Allied countries. “In Italy tlu 
atiny was underfed, morale declined, health w.i*. 
undermined and this inadctpiate iiourishiiient 
played a large part in the rout of Caporetto’’. W’l 
are told that owing to lack of vitamin C, scurw 
broke out in tbe civilian po])ulatioii as well 
amongst the army in Mesopotamia and the Iragedx 
of the siege oi Kill was more due to oulbre.ak ol' 
scurvy among.st the defenders than to the valour ni 
the Turks. 

But this time Geimany has fully grasped 1 ki 
foo<l in'oblein anel the pendnhini seems to haw 
swung to the other side. According to Professor 
Drninnioiid, “The German T'lovernmcnt arc alive 
to the importance of nutrition and are issniii.; 
vitamin supplements to all the children’’. Hut 
according to the authors of 'Science in li'a;’, tlie 
British Government were till recently doing nolhiiiv 
like that. An advisory conunittee on nutrition was 
set up nine months after the declaration of the w:'i . 
I\ven then it was apiirchcnded that its advice iniglil 
not lie taken, as business interests conflict with tlu 
application of scientific discoveries in the Ministr> 
of Food. Though war requires self-sacrifice of tlu 
highest order from all ranks, vested interest is tli-. 
last to be shaken by it. According to oiir author^ 

“Scientist.^^ emphatically recommended the Board • ' 
Trade not to restrict the importation of fruit, hut the otl'u i.!! 
view ill Wliileliall was that oranges, lemons, and apl’k ' 
were dispen.sahle luxurie.s. In December, 1916 Lord Dev’' 
port became Food Controller. He had made a fortune m 
dealing with food, and was therefore a man of great pracH' 
cal experience, but he was reluctant to accept advice from 
scientifie experts and in consequence some of his stateracut*! 
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were scientifically false. In May, 1917 the most authorita- 
live body of scientists in the country, the I'Vuul (War) 
iVininiittee of the Royal Society, declared that “the puldic 
.mnounceiiients of the Ministry from the first appeared to 
sliuvv a ncjflect of relevant scientific principles”, and entered 
“an emphatic protest aj^ainst tliose parts of the Food 
Controller’s policy which, in their opinion, are paving the 
way for disaster”. In fact the government had not learnt 
I lie lesson which Captaiv Cook taught us a hundred and 
lifty years earlier.” 

The twenty-live .scientifie men have cxijressed 
llieir opinion (jf methods followed by the liritish 
( loverniiient even in times of this crisis in no 
iiiicerlain terms. A general and organized scientific 
approach to the problems of national existence, 
according to them, is foreign to the tradition of the 
economic and political management of tlieir counlry. 
'I'hey remark that the Govcriinient departments run 
iiy civil servants and by executives of large industry, 
acquire many of the permanent civil servants* 
iharacteristics ; and what are these characteristics? 
According to our .authors : 

“The Iniditioii of civil ser\aiUs iK-longs to the age of 
\ ictoriati bihcralisin and is one of laissez fairc and of 
Ciovernment non-intcrferencc. The whole tradition tends to 
prevent things being done. An even more .serious objection 
i-. that high atlmiin'.strative olficers have a classical training 
and are alnio.st completely ignorant of technical matters. 
Having little conception of what .scientific research is, they 
fail to sec how tl can he practically used. In technical 
nia tiers they rely on their permanent technical advisc-r.s 
ulio, for various rea.sons, .are not infrequently cut off from 
tile more active streams of scientilic tliought. 'I'here is also 
Usually a complete lack of initiative williiii the civil service 
Itself, due perhaps to tlie cautious ilesire not to make 
mistakes. .\Tid over the whole .syst<Mn lies, first, the hlight 
Ilf treasury control -the fear of allowing expenditure that 
may he ilifiicult to justify and, second, the knowledge that 
laihirc. to .act rajiidly and decisively is not the responsibility 
Ilf the civil servant, but of his minister.” 

The fiindamcTital weakness of the situation, 
.'iccording to these scientist-authors is due more to 
\\ant of able and honest direction than to any lack 
of human effort. No efforts however lieroic or 
energetic will .succeed without right direction -and 
Mich direction demands the full use of science. 

Detailed information is lacking owing to irregu- 
larity in the mail system, but there arc indications 
that many of the crticisms of Government policy 
have borne fruit. Scientific spirit, it seems, is slowly 
coming into its own in the conduct of the war. A 
remarkable instance is that of the Camouflage 
< Organizations which were severely criticized by 


Mature for not making sufficient use of scientific men 
and principles. Jn the last six monlhs the Civil 
Defence Camouflage Organisation has gone far in 
utilizing scientific knowledge and scientific methods. 

Several vitamin (.ommitlces have been appointed 
for mass manufactiire of vitamins and their addition 
to available food during apprebeiide<l peiiods of food 
crisis. Prof. F. A. L,indeiuann, to wliose researches 
the excellence of brilain’s Air Armada owes much, 
has been appointed ])ersonal ad\iser to the 1‘reiiiier 
in scientific matters. 

Most significant however i.s the recent appoint- 
ment of a Scientific Advisory Committee'*' consisting 
of six members, all of whom are fellows of Royal 
Society. Three of the members, tlie .secretaries of the 
Department of Sciciilillc and Industrial Research, 
the Medical Research Council and the Agricultural 
Research Council are already in public service, and 
the other three are the president ami secretaries of 
Royal Society, lii the appuiulmeiit of the above 
commiltcc there is a recugnition of the [uinciple 
advocated by the president of the Uoyal Society, Sir 
William Bragg (see vSciKNCic and Cumuuk, Vol. b, 
iq). 191 -1 9A, 1940-/] I ) that science should have a hand 
in formulating j>olicy ami in other ways exerting 
a direct and siifficieut inllucnce on the course of 
Govermiient. The vScientitic Advisory Committee will 
really do a vital service if it can make its voice 
heard in the deliberations of the I'arions miiii.strics. 

We have given a rather detailed review of some 
of the most impoitant jiuints stressed b\' the twenty- 
five British scientists, because in many of their 
findings against the Government, the civil service, 
and the ve.stcd inlcre.sls, our icailers will recognise 
the views voiced by Sciknck a.M) Cui;ittrk regarding 
similar situations in this country long before 
the ontVireak of the preseiil war. But while 
under the stress of the war and under the dynamic 
leadership of the present British premier, Ibiglaml 
has been ipiick to readjust licr political luacliiuery 
to, at least, the partial .satisfaction of her .scientists, 
this counlry continues to .suffer from a ineiit.al black- 
out which is gradually becoming imi)ossible to 
tolerate. If timely lesson be imt learnt from what 
Great Britain has l)eeu doing, tlie consequences may 
drift to be disiislrous to this cec 

* See .Voles .-nid News seclioii of llii-. injiUr Iik- 

subheading— Rejxirt of the Ro>al Soritiy, on pnge .S13. 



The White Sandal 


Girija Prasanna Majumdar 

Department of Botany, Presidency College, Calcutta 


JS white ,saiHlal (Sanlalum album) indigenous to 

India ? Tliis question has for some time engaged 
the attention of the authorities of the Kew Garden 
and no fewer than four papers^ have already been 
contributed in this connection. In the last contribu- 
tion Mr Fischer has quoted and discussed a consi- 
derable mass of evidence for and against the Indian 
origin of white sandal, and has come to the conclu- 
sion, as was suggested in all his earlier communica- 
tions, that white sandal is exotic in India and was 
introduced by “some enlightened i)erson“ from the 
Timor island sometime in the sixteenth century A.l). 
Those who are interested in the subject may profit 
I>y reading Mr Fischer’s last paper both for references 
and arguments. While in England the present 
writer coirespoiided with him on this subject and 
Mr Fisclier was kind enough to tell him that he was 
still open to conviction. 

EviniiNCii IN Eiturature 

Mr Fischer has rejected as dubious the few 
references in Indian literature, which mention white 
sandal to be a “natural growing” plant in this 
country. He has relied for his conclusions mainly 
on the testimony of four modern authors, viz., 
Barbosa (c. 1500 A.D.), Garcia da Orta (1562 A.D.), 
Abul Fazl (1551-1602 A.D.) and Buchanon (1780-r- 
1800 A.D.) ; and has stressed the peculiar geographi- 
cal distribution of the species. 

Barlx)sii, who served chiefly in the Malabar coast, 
docs not mention sandal tree as growing in India ; 
on the other hand, he asserts that the plant grows 
nowhere but in Timor ; he even excluded sandal 
from tlie list of articles exported from Cochin or 

‘ T. A. Sprague & V. S. Snimerliayes, Kew bulletin, 
pp. 193, 200-202, 1927. C. E. C. Fischer, Jour. Ind. Boi. Soc., 
VII, 12-13, 1927. C. K. C. Fischer, Kew Bull., pp. 165-195, 
1935. C. E. C. Fischer, Jour. Bombay Natur. Hist. Soc., 
Xh, pp. 458-466, 1938. 


Calicut.'* But we have the epigraphical evidence 
that the Kfikatiya sovereign, Ganapati Deva Maharaja 
(1199-1260 A.D.) levied kupa.sulka on cargo of sandal 
wood shipped by the merchants of the seapoil 
Moffiipalli (modern Mutfili), and a century later 
another sovereign of the same dynasty, Annapota 
Reddy, granted a charter to the seamen's guild of 
the same seaport in which he remitted one third uf 
the export duty on sandal wood^. 

Garcia da Orta writes: “The Malayalims also 
.say that they have a scented wood whicli is like wIiHl 
sandal .... Tliey called it vSambarane” (Bischer, 
p, 462, 1958). From this statement Mr Fischer con- 
cludes that “Garcia da Orta positively stated that it 
(sandal tree) did not grow in India” (p. 464). At 
another place the siime author writes: “I would 
have you aho to know that the sandal tree is found 
in other parts ; J saw it in Aindanaga (Ahmediiagar) 
where it was brought to be sown. ... I saw tliere 
at a pleasure house .... trees of sandal wood” 
(Fischer, p. 463). From this, Mr. Fischer cousidLis 
that the plant was introduced into India (p. 464). 

Abul FazF writes, “Sandal wood is called in 
Hindi chandan. The tree grows in China. Dining 
the present reign it has been successfully planted in 
India” (Fischer, p. 463). It is difhcult to conclude 
anything from this statement of Abul Fazl. It may 
Ixi said that sandal is not a natural product of 
Northern India. Perhaps the supply during Akbar’s 
reign came via some seaport in Bengal. It is never 
denied that a part of the sandal wood might have 
been brought by way of exchange by the Indian 
merchants from the Far Eastern countries with 
which they had trade. This might have been 

* loc. cit., Tlie Const of East Africa and Malabar, Ilakluyi 
Soc., 35, cited by Fisclier, p. 463 (1938). 

^Madras Epi., luscriptions Nos. 600, 601 of 1909; sec 
R. K. Mukherji’s Local Govt, in Ancient India, 1919. 

* Ain~EAkbari, 1, Ain. 30; 9, Blockmann & Jarret ed. 
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responsible for the statement of A bill Fazl which 
appears to be loose. 

Biichanoii did not find extensive cultivation of 
sandal trees during his journey from Madras through 
Mysore, Canara and Malabar. The explanation why 
lie failed to see its extensive cultivation has been 
supplied by Mr Fischer himself. Kven in Tipoo 
Sultan’s time the tree was known as the royal tree. 
It was the property of the rulers and by private 
[lersons the tree was regarded as an unwarranted 
possession. We find the same thing even at the 
present time with regard to hemp. This is a native 
of Bengal, but is cultivated only in a small sub- 
divisional town of Rajshahi as a government mono- 
jioly. It is a crime to cultivate a single plant on 
one’s homestead land. 


OKOGR APIl ICAI. DiSTK T nUTT( )N 

The present geographical distribution of sandal 
and allied species is mainly eastward from Timor 
and adjacent islands. From Timor to South India 
is a gap of more than 2500 miles. Without the 
‘theory of introduction’, Mr Fischer thinks, the 
absence of sandal trees between these two outposts, 
appears inexplicable. But what is there to disprove 
the theory of diphyletio origin of sandal siniul- 
taneoii.sly both in Timor and India? -a po.ssibility 
justified by the present distribution of the allied 
genus Mida, one .species of which grows in New 
Zealand and the second in the island of Juan 
h'crnimdez, a distance of nearly double of 2500 miles. 
Prof. Seward in his iiresidential address to the 
f Geological Society of London (192/1) suggested on 
palaeontological evidence that spontaneous origin of 
new and independent lines of evolution in different 
parts of the globe was not only possible but cpiite 
probable. 


Furtiikr Evidkncks i‘kom Ancient vSources 

It is admitted (Fischer p. 459) that chandana 
was known and used in ancient India long before 
the Christian era as a drug and as an article of toilet 
U'l. the Jatakas, Arlhashastra, medical treatises, etc.) 
but there is nothing to contend that the wood was 
not or could not have been imported from Timor 
uito this country. But where is the clear evidence, 
Mr Fischer asks, that this plant was cultivated or 
existed as a natural growing tree in ancient India? 


Having considered the main evidence put 
fi>rward by Mr Fischer against the Indian origin of 
sandal, let us quote and discuss some additional 
evidence which Mr Fischer has failed to take into 
consideration. 

In the Sino-lranica:’ it is written that in the 

Annals (not later than Slh or 9th century A. I)., 
may be 6th) it is mentioned that India txl^rfcd 
sandal wood to Camhoja and the anterior Orient (not 
far from the Timor island). 

Chau-Ju-Kua* in his work L hu-faii-chi on the 
Chinese and Arab trade in the 12th and i;Uh century 
A. I), records that the .sandal wood is the product of 
T’ien Chu (western coast of India). 

Mathioli^ writes in 155/1 A.D. that sandal grow’S 
in h'ast and West India (S. India) in large thick 
forests. There are three kinds: the best has jiale 
yellow colour, white is next but the red is worst 
(see Amamkoslut, infra). 

l.asseii^ while not denying that sandal grows 
endemic in 'rimor island, writes that the best variety 
(gescliiit y.teste) grows in Malabar. 

The Portuguese (Governor at (Goa in his letter 
dated 22nd July, 1764, to the Home .Vvilhorities 
wrote: “I'or centuries together since the dist:overy 
tjf India (1/19S A.D.) this realm (Kaiiara) sui>plied 
Asia with all its rice, Europe with a large (piantit)* 
of pepper and ('liina li'ith sandal, which comnuKlities 
these dominions produce in abundance”'. 

The philological evidence is worth considering 
here. In all countries west of India sandal is known 
by its Indian name, chandana. In the countries 
east of India sandal is known as follows*” : - 

Java — chandana, chandani. 

Sumatra — chandana . 

Siam-chantaiia. 

* China chitan. 

vSundanese (f.esser vSunda) islands and east- 
ward up to Celebes chandana. 

Malay -chedan, but this term is also applied 
to Eucarya. 

® IM. h. bauft^r, p. 318 , Chicago, 1010 . 

• Iratisl., l-’riedricli llirtl: W . W. Rock Hill, 

p. 209, St. IVlcrshurgh, 1911. 

^ Tlol)son-Jol)son, j). 790 , IvOiidon, 1903 . 

'he. lit., Indischc .Mt., I, pp. 330-.^37. 

• Dr S. N. Sen, Calcutta licvicie, p. 259, Dec. 1937. 

"Die. Kcon. Products of India, VI, p. 461. Die. Econ. 

Pioducts of Malay Penin.. IT (1-2), p. 19.55-1956 (1935). 
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It is difficult to siiy if chandana is a Sanskrit or 
a Dravidian word, but tlie author has found the use 
of the term chandana for white sandal in the I’inaya 
rilaka (4lh or ^^rd century H.C.) and in the l*ata.njiili 
Mahhi)h(isya (isl century IkC.)"- 

The inciikiit iiientioiicd in the I'inuya. Pilaka 
was stnilptiired on the Ilharut railin^^s^^ in the later 
half of the 2nd century B.C. In this the dedication 
of Jetavana has been depicted with three (out of 
four) sandal trees and a iiiaii>>o tree that are 
left t>ehiiid after the clearance of the site by the 
purchaser, Anathapindika, the banker. This may 
lx* accepted as a concrete instance to show that sandal 
trees grew in India. 

The literary evidence regarding the presence of 
sandal trees in India has already been dealt with 
and dismissed by ^Ir Fischer as dubious. Rut some 
of them are wortli repeating here. The Ramayana 
refers to the river Tamrapariii with its islands as 
covered with fair forest of sandal. Kalidasa in the 
RaiihuTanisa (1\’, 51) mentions the two mountains 
Malaya and Dardura, as having Siiiidal furCvSts on 
their peaks. According to the Pafichalantra the 
sandal does not tlourish anywhere else except in the 
Malayas (i, .p). These are only some of the positive 
statements <|uoted by Mr I'ischer himself (p. 460). 

In the Awarakosha (I<exicon, 3rd or 4th century 
A. 13.) it is said ‘‘vind-^milayam-anyaira candanam na 
vivardhalc'\ This is exactly what has been corro- 
bm-.'ited in the Rahchatantni. Cunningham'* located 
Malaya in the seacoast of »South India. 

At another place of the same lexicon it is said 
with regard to siindal - malayoliham pitakdshUiam, 
f.f., the Malaya-born is yellow (creamy )-woodcd, and 
ilescribed as the best variety. The fact that the 
Indian variety is the best has been substantiated by 
Mathioli, bassen and in the Dictionary of Economii 
1 *roducts of Die Malaya Peninsula where it is said, 
“It is interesting that Indian sandal wood is richer 
in oil than Malaysian and Timor sandal wood’* 
fpp. i95^-'956 {i935)J. 

The 50 odes that had been composed addressing 
this plant before the 14th century A. 13. could not 

“ loc cit., Vol. I, Kiclhorn cd., p. 413 (188()j, 2.2.8.2, 3. 

'* Dr. H. I\I. Rinm, Blianit, Aspe.ct.s of Life and Arts, 
Vol. Ill, Plate XJ..V, fig. 4G (1937). 

loc. cit., The Ancient Geography of India, pp. 628-629. 


have l)ccn written without any accjuaintance with the 
tree itself and its habitat'^. 

Curiously enough chandana is not mentioned 
in the Vedic texts composed in the Land of the Five 
Rivers and the so-called Madhyades (Midland). 
This fact tends to confirm the South Indian origin 
of this plant. 

According to Mr Fischer the ancient Indians 
used the term chandana to dem)tc some scented wo<xl 
or woods (p. 4/\s) other than sandal proper. This 
conclusion seems to be far-fetched. The ancient 
medical treatises like those by Charaka and Susrula 
distinguished at least three kinds of sandal, r/2., 
white Simdal (Santahim album), called h'cla- 
chandana ; red sandal (Picrocarpus .sanialinus), 
called rak la- chandana ; and an inferior sand.il 
{Adcnanthcra pavonia), called ku-chandana. These 
were dilTerent plants belonging to different species 
and families, and their properties were also different 
as will be evident from their synonyms : 

1. Svcta-chandana — Syn. Malayaja (Malaya 
born), gandharaja, gandhasdra, .^arpdvdsa, etc. 

2. Rakla-chandana Syn. Pravdla-phalam (coral- 
red seeded), Idmrasdra, etc. 

3. Ku-chandana Syn. Palla-rahjanam (linen 
dyer), raktorkashlha, etc. 

Could we still think that the ancient Indians 
confused between the different kinds of chandana? 
The ancient medical treativSes, c.g., the Charaka and 
Susruta Samhilds even distinguished a few varieties 
of h'cta-chandana on the basis of their habitats. 
Thus Phadrasrl and Malayaja grew on the Malaya 
mountaiii ; V'arvara and Go.sir.sa on the mountains ot 
the same name, while Petal and Sukkad on two 
adjacent ranges of the same natne**L 

C(.)NCI,USlON 

Bengal had direct maritime intercourse with the 
h'ar Kastern countries. It is not at all unlikely that 
on their homeward journey the ships did bring some 
amount of sandal wood from those places, as it was 
a very valuable commodity. And it was from 
Bengal that Delhi got her supply. Abul Fazl might 
have been led to his notion of the Chinese origin oi 

** ]Majiim(lar, (jpavana Vinoda, Calcutta, 1935. 
vSec also Jour. Asiatique, XI (1918), Pour L’Historie Ifii 
Ramayana par M. Sylvain Levi, pp. 104-111, in connectiou 
with Goitr^a growing on the Malaya mountain. 
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sandal from this fact. Dr Watt however is definite 
that sandal is md a native of China. He says *‘the 
mistake of the Chinese origin of sandal has arisen 
from the fact that Chinese vessels at the time of 
Cosmos Indicopleiistos (6th century A.D.) made the 
voyage Ixitwceii Cliina and the Persian Gulf, stopping 
to trade in Ceylon and India, ami disi)osing of their 
cargoes finally to Bagdad merchants”^®. 

Jn concUision we may summarise the following 
facts. 

I. China and the I'ar I{ast used to import at 
least a part of the sandal wood from India 
even up to about the <Sth or glh century A.D. 

’• loc cit., ConniK-rcial Products of ludiii, \). 970. 


2. Best variety of sandal grows in India. 

It was a ‘royal tree*, i)eople had no right to 
its cultivation. 

•t. Indian term chatuJana for sandal is used in 
the Far Fast islands and countries. 

5. Fiterary and other evidences, Indian atul 
foreign, of periods earlier than the i.^tli or 
i^th century A.D. point to its presence as a 
natural growing plant in India. 

6. The tliree sand.al trees along with a mango 
tree sculjdured on the Railings of Bharut is 
a ])ositive i)ror)f of its growing in India, at 
least in the second ceiitiirv B.C. 


FACTORS FOR COUNTRY’S DEVELOPMENT 

Agriculture is a necessary occupation, Bui no agricultural nation has become rich. .Nations which 
wanted to improve their position have always turned to industries and commerce for betterment. The 
Tnitcd v'slates of America, Jai^an, Russia, »Swcden and Canada are instances in i>oint. Ff>od and raw mate- 
rials being essential to a nation, their production should be not on tlie primitive lines on whicli wo are 
going on but should 1 k' industrialised. The bulk of the poimlation slu)nld be employed on industries, trade, 
transport and other profitable occupations. The Americ-in vii w of life is that “those who do not work shall 
noi eat*’. The income in the United States o^ America is high because they work harder, their know- 
ledge, both general and technical, is better and tliev work on a s\ stom devised bv ( rovenimeiil. Their Gov- 
ernment looks after the economic safety an<l needs of the people. An .\inerican writer, Lewis I,. Forwin, 
writing in Plan in February ro35, ^ayj^ : 

“Of the 4(.) million i)eople in the United States who Imhiv carry on the work of the ('ouiitry, 
at least ,^5 million arc regimented in detail for at least S hours of eac working day*’. 

In contrast to this, we have in this country an em)nn()us rural population, who lavo no steady 
oi'ciipatioii for four to six months in the year. 

The reason why pooj^le in advanced countries enjoy a higher income is that they use their energy 
and time on the most profitable imrsuits. While onl>- oiie-teiith of nur populati«)n can read atul write, 
almost the entire population of civilized countries is educated. Thev, therefore, know that it is to their 
advantage to work harder, more .systemnticallv and under better organisation and diseii)Iine and to |•n)duee by 
all these means goods and .services of vastly higher value than we in India arc able to do. !f onr ])e()])lc 
here also work similarly, if they increase their hours of labour, im]»rnve their skill, workmanship, organi- 
.sation, discipline and teamwork, this coiiiilrv too will be able to produce goods and services of far higher 
value than it is able to do at present. vSiicli necessary changes in habits and practices, if brought alxmt will 
automatically lead to a higher standard of li\diig. Disciplining a nation is possible under a well-organised 
Government. It might at first sight seem difficult but in the permanent interests of the connlrv it should 
be persevered in. 


-From an address by Sir M. Visv<,svaraya at the Mysore Chamber of Commerce. 



How Big is the Moon and How Far 

is the Sky* 


D. S. Kothari 

Department of Physics, University of Delhi 


I^T is a matter of common obscM vatioii that the Sun. 

the Moon and constellations appear much biftRer 
when near the horizon than when they are IurIi up 
in the sky.f The Sun and the Moon when hi.Rh uii 
appear (to most i)eople ) a little less than a foot in 
diameter, and near the horizon they look from * to 
3 times bigRcr— the effect is greater in twilight and 
when the sky is clouded. It is needless to add that 
the entire phenomenon is psychological, for there 
IS no physical reason why we should associate a 
linear size of one foot with an angle of about half 
a degree — the angle subtended by the vSun’s 
diameter is 31 ' 50''' and the tnoan angle** for the 
Moon’s diameter is 31' 5", and why the size should 
appear to vary with altitude though the angle 
subtended at the eye and hence the size of the retinal 
image remains constant. 

The apparent variation of size with altitude 
exists also in tlie .after-image of the Sun (and also 
the Moon) which is obtained by viewing the 
Sun for an instant and then blinking. The after- 
image of the Sun at the horizon when t>rojccled 
ui)on the sky at horizon as background appears to be 
of the same size as the vSiiii, but is reduced to about 
half its size when projected on the .sky near the- 
zenith. If instead of projecting on the sky the 

* A very interesting j-rticlc by Pnife'^sor IT. Russell 
lias recently .'i]>pi‘.’irod {Siinitific Anicricau, Oct., 11)40) on 
the subject of iip])arcnl variati'»n in llie si/.i. of the Moon. 
Also see Hargreaves, Observatory, June, IIMO. 

t The apparent variation «if size persists even wlien tlic 
bodies are seen tlirougli a telescope. 

** When the Moon is at the horizon its distance from the 
observer is greater by the earth’s radius than when it is at 
the (jbserver’s zenith, and therefore the angular diameter, 
at the horizon eoiupared to that at the zenith is actually 
smaller by 0-5'. Tlie variation in the distance of the Moon 
from the earth due to tlie eccentricity of its orbit introduces 
ill the angular diameter a variation of over 10 per »'ent. 


after-image of the Suii when at horizon, wo project 
it oil a wall, then it appears smaller than the Sun if 
the distance of the wall is less than about 200 feet, 
Imt on a wall at about 2o<i feet or lieyoiid the size 
appears to be the same as that of the vSun. This 
shows that the distance of the horizon-sky appears 
t() be about 200 feet, and of the sky at zenith aliout 
half of this.tt 

There seems to be a possible connection between 
the apparent variation of the size r)f lieavenly bodies 
with the altilnde and the apparent llattening of the 
vault of heaven. W’hen wt? look at tlie sky, the 
impression that we gel is not that of an inverted 
hemisphere with oursehes at its centre, but it 
appears like a flattened dome whose distance from 
eye to zenith is smaller than the distance from eye 
to horizon, the ratio being from 2 to .] depending on 
the observer and the circumstances attending the 
observation. The apnarcnl natteiiing of the sky is 
felt vividly when we try to locate the mid-point of 
tile arc joining the zenith and the horizon. 

If we point our hand or a stick in the direction 
of the loid-point, and if then the angle be measured, 
it is found that the altitude of the estimated mid- 
point M is much lower than 15°. It generally lies 
between 20° and 30® (Fig. i). In these and other 
psychological observations it is necessary that the 
observer should allow himself to get the impression as 
he sees it or feels it, and not modify it by making a 
conscious effort in trying to sec what he (according 
to his preconceived ideas or theoretical knowledge) 
ought to have seen. We are observing an illusion 
and the observation is vitiated to the extent that we 
make any conscious effort to overcome it. Scientific 

tt 200 feet is a little less than one third the radius of 
stereoscopic vision calculated on the basis of one minute 
as the resolving power of the eye. 
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observation and study of illusions require psycho- 
lojrical training. 



I'lr.. 1. II is the liori/oii .uni z is the /enitli. M is ilu- 
inid-point (»f the iire of the sky IIZ 

kolKTt Siiiilh^ ((^ titles, i7;,S) suKUested nioio 
Ihan two centuries ago that we imagine the Moon, 
ilie vSim and the slar> to be at the same distance as 
tlie sky, and therefore they appear to be several 
times more distant when at the horizon than at 
/eiiilh ; and as the angle subtended by them at the 
()l)server’s eye remains the same, greater distance is 
associated with a lu'oportionate increased (linear) 
size. In support of this view it may be noted that 
in twilight or when it is cloudy the sky looks more 
ilallened and therefore at the horizon farther away 
iban ordinarily, and the vSun or the Moon at the 
h«>riz«iii also appear larger. But why does the sky 
:i]»pear flattened? Ect us first take up an interc.sting 
explanation due to Sterneck*, which, however, as 
^vill appear later has to lx* discarded. 

Sterneck gave an empirical relation between the 
true di^tallce and the apparent distance of an object, 
:nid he was able to connect in this way a large 
number of phenomena, e.g., street-lamps farther 
a^vay than about 150 yards seem at night to be all 
at the same distance ; rectangular fields seen from 
■ I train api)ear trapezia ; the steepness of a mountain- 
■^'opc is over-estimated when seen from the bottom 
ol the mountain and under-estimated when we stand 
at the to]) ; and the flattening of the celestial vault. 
N an i^terncck’s formula is 


w bere x is the true distance, x' the apparent distance 
■uid c is a constant. The apparent distance is 


always smaller than the true distance, and c is the 
limit which it approaclies for increasing true dis- 
tance. The value of c ranges from alM)nl loo yards 
to 10 miles ilepeiiding upon the iiatiuo of the object 
whose distance is estimated and on the circum- 
stances under which it is observed. 


When the sky is clouded, the I'bmds, being at 
an extremely small height eompared to the earth’s 
radius, form a practically flat ceiling above us.'*' 
The distance r between the observer and the cloud 


ill the direction ^ from the vertical is p see 0 ^ p 
l)eing the vertical height of the cloud, and therefore 
if S denotes the ratio of the apparent distance in the 
direction 0 to the apluircnt vertical height of the 
cloud, then from equation (i), S will be given by 



1 4- ^ cos 


5 .. 

1 + (5,1 - 1) cos 0 * 


(2) 


/> 


where 8^ is the ratio of the apiiarenl hnri/on-distance 
to zeiiitli-distaiice. ’I'lie cloudy sky sluuild therefore 
appear like a hyperboloid of revolulion (with the 
oliscrver at its focus), which docs agree with our 
general iiniiression of it. 



P'lO. 2 . If is tlic Z llic /initli. S .S rc])rcsfnls 

ibi sky. The figure illu'-lr.ilcs RdIktI Siiiilli’s cxplaiiutinn 
oT tlu* appareiil varialinn in llu* f)f the Sun (or lls - McM)n) 
(iiic to I he apparent tlaUeniiig of the sky. 


However, not only a ’cloudy sky, but a blue 
and a starry sky also give the same impression of 
being flattened- only the flattening is less,- and it 
is difficult to see how Van Sterneck’s explanation 
could he applied to a featureless blue sky. But a 


‘ .M. Liickicsli, I’isual Illusions, I). Van XoNtraiul Co., 
^c\v Y(jrk, (1022). Chapter XI. 

* ^r. TMIniiaerl, <///(/ Colony in the Open Air. 

I*‘ll and Sons, London, (1940). Cluqiler IX. This is one of 
n- best books on "evervdav phvsics” tliat the writer hr 
e aeross. ‘ 


* If the cloud bi' at a vertical lieiglit of »uie mile, ibeii, 
even for an allitiub' of 10°, llic di-^laaee of the iloud, 

lIu cloud-bank to lu fl.il ceiling, will 

ilislancc calculaUtl on llie as'.ninption that the cloud-bank 
is a concenlric sphere round tbe earth tiy less ttum 0 5 
per cent. 
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serious objection to this explanation is the fact that 
the apparent shape of the sky is {lei)eiulent on the 
way the observer holds his body durins;’ the observa- 
tion. If instead of standin.e, the <jbsorver lies flat 
on his back on the .erouiid, the appearance of the 
sky is coinpletclx' altered it is spheric'al towards his 
feet but compressed towards his head. The flatten- 
ing of the sky is relative to the oliserver’s “personal 
horizon” which is a great circle perpendicular to his 
backlioiic. W hen the head is held in its normal 
position relative to the body, the observer’s gaze is 


Z 



Vic.. 3. II is the Imri'on and is the zenith. S, S, is the 
a])|>arenl sli.-ipe uf tin- sky wlu'ii the ohser\er is standing. 
Sj Sj is the apparent sliape of the ^ky when the observer 
is hint; oil his haek. 

tr>\vards his personal horizon. The head has to lx? 
thrown backwards to see the sky alxtve the ])ersonal 
horizon, and bent forward to see Iwlow it. The sky 
below’ the ]>crsonal horizon apiicars .spherical .and 
flattened above it. In fact, if an observer sui)t)orls 
him.self from a horizontal bar with the body vertical 
and head dow’iiwards, the whole sky is below his 
personal horizon and appears to him spherical.’* 

It is not only the flattening of the sky which is 
related ti> the personal hoi i/on, but the apparent varia- 
tion ill llu? size of heavenly bodies is also dependent 
on it. This has been conclusively established f)y 
Professor P.oriiig* (and his colleagues) at Harvard, 
who recently repcjrted Jiis results to the United 
vStales National Academy of Sciences. The Moon 
IfKiks big when it is near the observer’s personal 
horizon. It ai^pears smaller when it is away from 
the personal horizon, it bcin^ir immaterial whether it 
is above or brlozc it — the phenomenon is symmetri- 
cal w'ith respect to the personal horizon. Further, 

■'* M. Minn.'UTt, Iot\ cil., p. 163. Fig. 3 is .also taken 
from this hook. 

‘ IT. N. Russell, loc. rit. 


the Harvard psychologists find that the Moon, even 
when high in the sky, produces the impression o: 
looking (to an observer standing on the ground) 
big as a disk alxiut 5 inches in diameter placed i 
or 12 feet away--the apparent angular diameter 
alxmt four times its real value. At the horizon tlh 
IMoon appears twice as big. The api^arent magnifica 
tion of the angular diamet(^r is significant : enr, 
estimates of the size and distance are not conditioner! 
by the actual visual angle. 

The question remains : why the Moon look;, 
largest when it is at the personal horizon? W’h\ 
there is an association between the apparent sizv- 
of the Moon and the bending of the head (backwards 
or forwards dei)ending on whether the Moon is above 
or Ixjlow the personal lunizon) nccessiiry to look at 
it ? A ]>ossible explanation'* is to be sought in oni 
everyday exi)L‘riencc. When an object approaclk-^ 
ns we have in most circiimstaiiecs to bend our head 
to sec it, -forwards if the object is on the groinul, 
and backwards if it is a flying bird or a cloud. Tlu 
angle subtended by the object increases with 
increasing betuling of the head, but, provided tlu 
object w’as approaching ns from not too large a 
distance, onr training in interpreting visual ])erce!» 
tions has been such that the impression of its size 
remains almost the .same : it is nearly its true size. 
It seems that we assign unvarying size not In 
making allowance for the varying distance, but on 
the contrary w'c carry as it were the ‘size* in ns 
( — ‘we are geometricians by nature* — ) and judge r)f 
distance from the visual angle through its (size) 
help. We get S(> much accustomed from common 
experience to a laige vi.sual angle when the ohjeit 
is seen with the head in its normal position and to a 
small visual angle when the same object is seen 
with a bent head — the impression of size being the 
same in the two cases — that for the Moon, as the 
angle remains the same, we get an imimcssioii of a 
smaller .size when we have to bend our head in 
order to see it. 

The apparent shape of the sky can also be 
explained on similar lines by assuming that om 
daily experience accustoms us to a relation between 
distance of objects and the bending of the head 
necessary to see them, but it must Ixi admitted that 
these are only plausible suggestions and at present 
no explanation of the apparent variation in the siz^ 

* This has been suggested by Professor Russell; loc. d 
See also Minnaert, p. 162. 
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,»f heavenly bodies or the shape of the sky can be satisfy (3). Relation (3) should hold fairly accu- 
icgarded as reasonably satisfactorily established.* rately for terrestrial objects. 


We have mentioned that if the distance of an 
object is not too large, the impression of its size is 
independent of the distance. When the distance is 
large, the apparent size ilecrea.ses, and it api)cars very 
likely that the relation between apparent size and 
real size is of the same form as Stern eck’s formula 
lor apparent distance, ue.. 


or 




(3) 


wlierc y' is the api)arent size of an object of true size 
Y and at a distance -v,c' is a constant, its particular 
\alue depending on the circiiiiistaiices under which 
the object is observed and is prokibly different from 
value in the distance-formula (i). The appa- 
rent size is half the true size for x-c\ So long as 
.1: is small compared to c\ the apparent size does not 
\ary aj^preciably, it is almost the same as the true 
size. For x large compared to c', the apf)arcnt size 
is inversely i)roportional to x. Two straight lines, 
(telegraph wires, long stretched strings, straight 
edges of a foot-path etc.) will appear parallel when 
they are not actually parallel, but the distance 
between them increases linearly with so as to 

* It seems tlij'.t a forward bending of the liead lias no 
rlfecl on our estimate a{ dist.nncc, but bending the head 
iMfkwaids proihiees a bias in favour of underestinialing the 
distance. The value of c in Sterneok’.s formula is unaffected 
in the former ease, but reduced in the latter case. 


W’heii we look at an object ihrotigli a telcsc'ope 
or binoculars, the visual angle siibleiided at the eye 
is increased by a factor which is the magnifying 
power (m) of the instrument. The ehect is the same 
as if the true distance of the object had been 
reduced in times, and the apparent size of the object 


as seen through the telescope will be 

yc' _ myc' 
c^+xjm 


(4) 


For .V small compared to cbn, the ai>parent size will 
be almost the same as the true size. This seems to 
agree with oiir (qualitative) exjierieiice and a 
det.'iiled investigation will be interesting. 

It may be remarked that our jndgnieiil of .speed, 
say, when we are sitting in a car, is .also modilied 
because of the nnder-eslimalion of distance. If we 
judge the speed*by looking at an objei l at a distance 

cix 

X from ns, then the true speed ( and the apparent 
lix^ 

speed ( connected by the relation 


__ / c ilx 
dt \c + x ^ di' 

and if we are looking thniugb binoculars, it becomes 

ilx' - ^ V 

dt in \nic ‘ X / dt 

or for X small coiiipareil to me, the aiipareut speed 
is I /mill of the true sjieed. 



Dr H. J. Bhabha’s Lectures on Cosmic Radiation 


the itivitation of the University of Calcutta, 

Dr Iluiui J. IJliabha of Bombay delivered a 
series of leii lectures in the Calcutta University 
durinj4 IVeeiiiber, It covered a wide Held of 

cosmic ray and nuclear physics, dealing with such 
subjects as Stunner’s theoiy of the paths of electrons 
in the earth’s magnetic Held and its application to 
cosmic radiation by heinaitre and Vallarta ; an 
account of the theories of cascade showers and 
ionisation showers which were first successfully 
developed by Dr Bliabhu himself in a series ot papers 
communicated to the Royal Society ; and an account 
of the tlieor>- of fundaineiilal particles, in wdiich 
Dr IMiabha has made notable ctJuUibiitions to the 
theory of mesons, lornierly miscalled heavy electrons. 
The Icctiiies w'erc largely attended and stimulated 
wide interest in the circle of physicists and mathe- 
iiiaticiaiis in Calcutta. Jt may be iiieiititmed in this 
c(.nneetioii tliat Dr Bhabha has predicted two new 
particles, a proton with a negative charge and a 
j>roton with a double positive charge. According to 
his prediction, the masses of these particles are 
slightly greater than that of ordinary protons and 
hence one should expect them to be produced in the 
laboratory more freiiueiitly wdieii substances cuii- 
taining hydrogen are bombarded by j^rotous having 
an energy exceeding some 35 million electron volts. 
At present i)articlcs of such high energy can bo 
obtained only in the 60-inch cyclotron of the 
University of California. 

But nature has provided us with more ciicrgelic 
particles in cosmic ray.s, their energies ranging from 
as much as 100 million to a million million electron 
volts and more. Dr Bhabha has been directing 
.Mr r. C. Bliattacharyya, a research scholar of the 
Pa lit Caboralory in the University College of Science, 
Calcutta, in a search for his predicted particle in 
the photograi)hs of cosmic ray particles which have 
already been published by leading English and 
American workers. In the light of Dr Bhabha *s 
prediction, the previous identification of the tracks 
has to be reconsidered. Two tracks have been sus- 
pected to be those of double protons, but new and 
more thorough experiments arc necessary before 


any claim can be established. Dr Bhabha is con 
sidering instituting these experiments in India. 

We arc giving below a short life sketch of this 
young Indian scientist, whose reputation is a inattci 
of pride to us. 

IIOMI J. BHABHA was l)orii on October 
1909, at Bombay and comes from a well-known 
Parsi family. His graiidfalher. Dr H. J. Bhabli.i 
(senior), C.T.h'., w’as director of public inslrnclinu 
in the Mysore Slide for abcjiit twenty years and hi?, 
father, Mr J. II. Bhabha, is one of the Tata repu- 
sentatives on the Council of the Indian Institute n| 
Science, Bangalore. 



Dr HOMI j. TtHADHA 


After a brilliant career in Bombay, Bhabha 
sent to Cambridge at the early age of 17 where he 
joined Gonville and Caius College. He took the 
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inatheinatics tripos, part I, at the end of his first 
year and then branched over to eiiginoeriini, taking 
the mechanical sciences (engineering) tripos, part 11, 
in 11)30 with a first class. In the long vacation of 
the year 1929 lie worked for some months as an 
engineering apprentice in the British Thompson 
Houston Works at Ragby. 

After graduation (1930) Dr Bhabha decided to 
lake up niatliematical physics seriously, a subject 
which had fascinated him from liis school days. He 
studied modern theoretical physics under Ihofessors 
P. A. M. Dirac and X. K. Mott for two years. Ui> 
to this time, he had held several college scholarships 
and studentships. 

In 193^ he was awarded the Rouse Ball travelling 
studentship in mathematics from Trinity College and 
spent 1932-33 at Zurich working under the famous 
Piofessor W. raiili, vvlun ho wrote his first paper 
“Ziir Absorption del Holieiistrablung” at the eiul 
uf that period. In i933-:i4 fie worked with Professor 

Fermi at Rome and Professor II. A. krainers 
at Utrecht and in 193^3-37 spent five months at 
Piofessor Niels Pohr’s Institute of Theoretical 
Piiysics at Copenhagen. 

lie had already been awardeil the Isaac Newton 
sliuleiilship in 1935 for three yeais, and in 1937 he 
was awarded the senior stuiientship lui (ircat Britain 
of the Exhibition of US51, which he held for three 
\ears. He is the only Indian to have had this 
ilistiiiction. 

Eroin 1935 until 1930 when the outbreak of war 
prevented his return \o ]\ngland, Dr Bhabha has 
lieeii lecturing at Camlv.idgc on cosmic radiation, 
nuclear physics and relativistic (inantum mechanics 
(besides giving the iisnai elementary courses on 
electricity and magnetism). In October, 1937, at the 
invitation of Professor Max Bom he gave a course 
of lectures on cosmic radiation at Iwl inburgh. 


In 1939 the Royal Society decided to finance him 
out of the Aloud hhind to act as theoretical physicist to 
Prof. Blackett’s school nf cosmic ray research at 
Manchester, and to enable him to carry on his own 
work at xMaiichester ami Caniljiidge. He was also 
invited to attend the vSoUay Conterence at Brussels 
which was to h.'ive been held in the OcIoIkt of 1939, 
but the outbreak of war prevented its meeting. 

He came out frequently during the summer 
vacations to India and it was while on one of these 
holidays that the war broke out and made his return 
to lingland unnecessary. vSiiicc then he has carried 
«m his own research at the Indian Institute of Science, 
Bangalore. 

It will he seen from the above short account, 
that Dr Itliabha has had the juiviuge of coming into 
contact with tlic best brains in theoretical physics, 
iiul has made c«aitributions of outstanding merit to 
c'osmic liiy physics. Ae reailers of SciKXcK AND 
('ui.'iURK are aware from seveial articles publi.shed 
ill onr columns, cosmic vay investigations iiave 
proved exireinely exciting in reivnt years. For 
getting further knowledge of this phenomenon, 
scientists have travelled all over the globe from 
almost the North Pole to the vSontli, and have sent 
theii measuring instruments from the deepest 
aivt.ssiblc depths in mines and lakes to a height of 
..’S kilometres which is practically the to]) of the 
alni<»s[)here. In Dr Phabha India is now' in the 
fortunate ])osition (.f having one of the foremost 
successful interpreters of this exciting iihenomcnoii ; 
she has also a line batcii of workers at Bangalore, 
Calcutta (at the Bose Research Institute, and the 
Univeisily College of vScieiice), and J.ahore (P. S. 
('dll). It w’ould be quite feasil)le to have a cosmic 
lay research sclieuie in which all these workers could 
undertake co-oi)erative ;eseareh as in the U. S. A., 
under the guidance of Dr Bhalilia. 

* We hope later to puliUsli a more detailed 
account of Di Bhaliha’s lectures. 



Temperature of the Upper Atmosphere 


A. C. Deb 

Wireless Laboratory, Unioersity College of Science, Calcutta. 


THE distribution of temperature in the atmos- 
phere up to a few tens of kilometres alK)ve the 
surface of the earth is well known from direct 
meteorological observations. In the tropospheric 
regions up to 12 to 15 km. the temperature decreases 
linearly with height. It then remains fairly con- 
stant ill the stratosphere up to alxMit .^5 km. which 
is the height attained by average sounding balloons. 
The temperature distribution beyond this height 
can only be inferretl indirectly. I'or instance, from 
the undoubted presence of o/one in the region 30- 
55 km., as also from the ])hcnomenon of the 
anomalous propagation of sound waves, it is 



Pio. 1. Iviiiiiinous night clouds : riiolograpli hy 
Stormcr taken :il I^illeliaiiiintr (Norway) on the 24tli 
July 1937 ; height of the clouds above the surface of 
the earth is 81 km. The clouds are. made viMhle hy 
being illuminated by the rays of the sun from behm 
the horizon and are believeil to consist of ice crystals. 
The temperature of the atmosphere in the region near 
the clouds must therefore be low. 


inferred that the temperature at 55 km. level is of 
the order of 37o^K. Again from the value of the 
so-called “scale-height” 11 in an ionised region 
measured by radio mcthoiP — reference to which will 


presently" Ixj made -it is estimated that a low 
temperature, alx)Ut 2oo°K, prevails at 70 km. level. 
Ivow temi)erature round this region is further con- 
firmed by the occurrence of noctilucent clouds® in a 
narrow range of height alxmt So km. These clouds, 
consisting of ice crystals, are often seen in iiorthcin 
countries, by being illuminated by oblhiue rays of 
the sun from l>elow the horizon. It is estiiiiateil 
that the temperature here is of the order of ibu'^K. 
(Fig. i). For the region round 100 km., radio 
mea.siirements again furnish data, not only in 
regard to temperature — from the scale height 
measurements as mentioned al)ove — but also re- 
garding molecular density. The accepted values of 
temperature and molecular densities at this level .ire 
3 oo^K. and 3x10*^ mol./c.c. respectively. For the 
region above luo km., i.c., for the upper atmosi)here 
proper, data are again available from a number of 
atmospheric phenomena from which it is concluded 
that a temperature of 1000° to 2 (K)o^^K. prevails in 
the upper reaches of this region. (vSee Fig. 4). 

In the present paper will be discussed, in parti- 
cular, the various evidences which point to the 
existence of a grailient of rising temperature in the 
last named region of the atmosphere. These evi- 
dences are: 

1. Extension of auroral rays to great heights. 

2. Escape of helium from terrestrial atmosphere. 

3. Width of the green line (A 5577) of the light 

from the night sky. 

4. (a) Comparative thicknes.ses of the Regions 

Iv and F of the ionosphere. 

ib) Absorption of radio waves in the 

Region F. 


Buddeii, Ratcliffe and Wilkes, Proc. Roy. Soc. A., 171, 
188, 1039. 


■ vStdrmcr, Bcitrage Zur Physik der Freien Atmosph&t^. 
Bd. 21, Heft 1, 1933. 
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We may at the outset allay any tnisj^ivings 
regarding the applicability of the concei^t ‘^tenipera- 
lure** to the high regions of the atmosphere under 
consideration. It is obvious that the temperature 
of a gas as defined by the gas kinetic relation 

^ will have no meaning if the gas under 

consideration be so attenuated and, as a consecpience, 
collisions l-Hjtween the molecules be so few and far 
between that average velocity v ceases to have any 
significance. We cannot, for instance, ascribe any 
temperature to the inter-slcllar space which, as is 
well known, is not entirely devoid of mailer, but is 
estimated to contain alxnit one particle i^cr e.o. 
Collision between the i)artieles in .such a space is 
an extreiriely rare event and docs no! permit of any 
averaging out of the wide range of velocities of the 
]>arliclcs. Now in any region alM)ve the surface of 
the earth, the atmosphere, in the ordinary sense of 
the term, can exist only if the molecules in the 
region concerned are ])reventod from escaping by 
collision with the molecules above. The atmosphere 
will cease to exist in the region where a molecide 
receiving impact from p.'irlicles below does not 
reliirn to tlie earth by collision with other particles 
above. They may, of course, do .so by describing 
trajectories under the influence of gravity, but the 
regions where such trajectories lie will not iK'long 
to the atmosphere proiier. They would belong 
rather to the “fringe” of the atmosphere and the 
concept of “temperature” will obviously have no 
meaning for such regions. For all the underlying 
regions, however, where there are freciueiit colli- 
sions preventing the molecules from escaping into 
the fringe region, temperature le/// have a meaning 
as defined by the al)ove relation. The (]Ucstion 
whether a region alx)vc the surface of the earth has 
a temperature or not thus resolves itself into the 
Mue.stion whether the region concerned has an 
atmosphere or not. The various geojdiysical pheno- 
mena which will i)resenlly he discussed indic.ate 
that the region three to four hundred kilometres 
:\l>ove the surface of the earth does have an alinos- 
plicre in the ordinary sense of the term and as such 
lias a temperature. 


Fxtknsion op Aukorm, Kays to 
Grkat Hkights 

Measurements have shown that while the lower 
limits of the aurorae of tlie ray ty])e, occur most 
frequently at the height of loo km., their upper 


limits extend up to four to five hundred kilometres 
above the surface of the earth. (Fig. 2). Under 
special circumstances, when the rays are formed, 
for instance, in a sunlit portion of the high atmos- 
phere. the upper limit is observed to extend even 
beyond iO(X) km. These observations .show that the 
atmosphere as such i.c., the atmosphere in which 
the particles obey the gas kinetic laws must exist 
up to at least four liuiidrcd kilometres in <udiiiary 



pTO. 2. .Aurora of tin* ray type : Pliolograpli taken 
by StbrnuT from Askini (Norway). The lower limit 
is at 95 kiM. beigbl and ibi* upper limit \anislic*s at 
5(X) to 000 km. showing that there inimt be appreciable 
atmosphere at these heights. 

circumstances. The molecular density prevailing 
at this lieight f>f the atmosphere can easily l)0 
calculated if the density and lemperatiirc at some 
datum level, as also the distribution of tbe latter in 
tile region above l)e known. The datum level may 
conveniently be taken the level 100 km. where, as 
mentioned above, the temi>craliirc and density arc 
known to a fair degree of approximation from radio 
measurements. Now if a constant temperature of 
•^oo^K. (the same as that at the 100 km. level) be 
a.ssumed to prevail in the region above lof) km., then 
the density at km. found to be only 3 

molecules per e.c. which means that there is no 
atmosphere in this region in the ordinary sense of 
the term. In fact, the gas kinetic laws, on the 
assumption of tlie ai)plicability of which this figure 
is arrived at, will cease to hold from a much lower 
level. If now a rising temperature of /\^ per km. 
is assumed (which makes tlie temperature at 300 
km., iroo^^K.) then the density at 4 c.k^ km. Ixjcomes 
10^ moloculcs/c.c. This numl)er is (juite adequate 
for the gas kinetic laws and shows that atmosphere 
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as such can exist at that height. If account is taken 
of the fact that oxygen iti the upi)er atmosphere 
exists mostly in the atomic slate due to photo- 
diss(X'iation of Oo bv A< 1760, then the density and 
collisioiud frecjiiency at 400 km. level are found to 
l>e to" molecules 'c.c. and 20 per sec. respectively, 
which again shows tliat there is suiTicient atmos- 
phere at this height and beyond‘\ It has Ixen 
shown by some aulhors* that the height aljove 
whicli the dcii.sity l)ecomes too small for the gas 
kinetic laws to be aj)plicable, may be made to extend 
up to {^cx)-()oo km.- -the height up to and beyond 
which auroral rays are found tt> extend only if a 
rising tern i)erat lire gradient of 4° per km. be 
assumed to exist above 100 km. 

Kscm'K ok IIkijum 

It is well known that helium in large (]uantitics 
escape with the natural gases emanating from the 
crust of the earth in various parts of tlie world. It 
has been found, for instance, that the natural gases 
from the so-called helium belt of X<a'th America 
extending from Texas through Oklahoma, South 
Kastern Kansas, Southern Illinois, Ohio, Penn- 
sylvania to New York contain up to i's% helium 
and the total quantity of helium cscatiing from this 
source amounts to 2 x 10^ cu. m. per annuuiX If it 
be assumed that helium has been escaping at this 
rate for the last million years -and there is no 
rca.son why this should not be so— the helium con- 
tent of the atmosphere from the American fields 
alone would be about .? x cu. in. If account be 
taken of the amounts that are being emanated from 
other such souiccs on the surface of the earth, as 
also the possible greater rate of emanation in 
Iirevious geological eiioclis, then the present helium 
content of the atmosphere ought to be several orders 
higher than 2x10’“ cu. m. 

Now the partial jiiessure of helium on the sun 
face f)f the earth is x to“® times the normal 
pressure, h'roiii this it is easy to calculate that the 
total amount of helium present in the atmosphere 
is only alxiiit 5Xifd® cubic metres. The amount is 
far short of the (luantity which ought to have accu- 
mulated in course of the past geological epochs 
according to the estimation made above. It is there- 
fore evident that there imi.st be a steady leak of 

Mitr.i and R.ikdiil, Ind. Join. Piivs., 22. -17. IH.W. 

Mitra and P lurjii-, Iml. four. Pliys.. 3.?. 107, 19.MT. 

' .Mofire. Nature, 111, 88, 192.^. 


helium to account for its scarcity in terrestrial 
atmosphere. The two obvious modes of disappear- 
ance of helium are its chemical combination with 
other atmospheric gases and its escape from Uk 
atmosphere of the earth. The first of these possi 
bilities is ruled out because of the chemical inertness 
of the gas. Regarding the second, calculations b\ 
Jeans show that helium can escape from the earth 
by overcoming the gravitational pull, if the tempera- 
ture of the escaping helium be greater than itoo^K. 
'i'he possibility of such escape has recently been 
examined closely by TTelgc-Petersen". It is shown 
that if the temperature of the higher regions of the 
atmosphere Ixi such that a gas may evaporate from 
the high atmosphere, then, in the presence of a 
steady afflux from the surface of the earth, the 
density distrihution of the escaping gas will he 
siibslanlially changed. In fact, the density would 
decrease mnch more rapidly with increasing height 
than it would, if the gas were in static dilTusiun 
equilibrium. The existence of a high temperatiiu 
of the order of i.2oo®K. in the high region of lli^ 
atmosphere, would therefore exjdaiu the remarkahU 
scarcity of helium in terrestrial atmosphere in spiti 
of its steady emanation from the earth’s crusl. 
That helium is also scarce in the higher regions is 
evinced by the fact tliat neither the light from 
the night sky nor that of the aurora, which latter 
is due to violent excitation of the upper atuiospherie 
gases by iTombardmcnt of charged particles show 
any line which may lie ascribed to helium. 

Width of thk Aurorm, Grickn bixic of 
IjfUiT i-ROM TiiF Nir.irr Sky 

It is well known that the sky in a dark moon- 
less night is not entirely dark, but is faintly luiiii 
nous and glows with a feeble bluish green light. 
Part of the Inininiscence (about 30%) is due to 
scattering of the lights of the stars by the atmos- 
pheric molecules ; but a .substantial part is due to 
actual lumiiiisceiice of the atmospheric gases. This 
light, known as the light from the night sky or the 
liennanent aurora, has been extensively sludicfl 
spectroscopically and is found to consist principally 
of green light of wavelength A 5577 ascribed to a 
so-called forbidden transition of oxygen atom. Tin- 
atoms of oxygen emitting the light arc transported, 
bv some yet obscure process, to what is called a 

" Ilelge-Petersen, Pub. Del Dauske Mctcorologiskc 
tut, No. 6, 1928. 
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inctastablo state, having; a life of about 0*5 sec. Tlie 
iiietastable atom in course of its transition to the 
state of normal atom emits the green auroral line 
5577 as also two other fainter lines in the reil. 
The ultinialc source of energy of the light is, of 
course, the sun. The incident solar energy is stored 
ill the high alinosphcre during day time, by some 
means — .still ill nniler.stoiKl and pari of it is emitted 
during night in this form. 

The line A 5577, on accijunt of its prominence, 
has lK*en closely studied by vaiious workers. 
Habcock^ in particular has made interferometei 
iiicasuremonts of its wavelength and has found that 
its width is of the order A. (Fig. N’ow, 

as is well known, the jirincipal cause of tlie widening 



I'lo, l'a1)n'-PtTf)l itiU i ferciK'f ]).ilU rn 
of llic' i^tvcn light frtim Hu* niglil vUv 
{.\flcy liahcot'k). Tin- wiilth of the liiu* 
is es(iiiiati<l fio'ii Ilic (listriluiioii dl 
light ill tin- irli rfcn luv 

palU-rii. 'I‘lu' esiiniaUal width (AA -‘O^S.X) 
shows that lln* i-niitliiig dxvgiMi :it<niis 
of the atiii()s])hiTe at a height of twc' 
ti> tliree Imihlrefl kildinelrrs imi'-t have a 
teiii|Kratiire nl ahoul IJOO'^K. 

of spectral lines is the Dop])lcr elTect due to thermal 
agitation of the light emitting |)arliclcs— atoms or 
molecules -iti the luminous gas. The spectral 
w idth A A and the temperature T of the particles of 
the gas are related by the equation : 

AA=7-2Xio--7xy 

u’here A is the mean wavelength of the line and JM 
the Weight of the emitting particles in terms of 
the atomic weight of hydrogen. Now, since 
the width of the 5577 line is o.^sA, the temperature 

’ Habcock, Astrophys. Jour., 57, 209, 1923. 


i)f the emitting oxygen atom, as deduced from the 
above formula, must be of the order of i2oo'^K. Tt 
may therefore be assumed that the temperature of 
the region fioin which the auroral green line is 
einitlcd -namely 200 to .?oo km. above the surface 
of the earth'*— is also of the same order. Tt should, 
however, be mentioned that it is possible to con- 
ceive of the tempcraliire of the emitting particles 
as being difl’erent from that of the surrounding gas. 
In the absence of any evidence to the contrary how- 
ever, inference regarding the existence of a high 
lempeiature as made above is not unjustified. 

C«)MI*\K\’JIVK TIIICKNK.SSKS Ol-' TIIK KKGIONS 

K ANo F oi* rinc loxosi’incKK 

It is now well established that the various ionised 
layers of the upper atmosphere are j^roduecd by 
the ionising action of tlu* extreme ultra-violet rays 
of the sun. The formation cdiaracteristics of an 
ionised laver in an idealised almos|)Iiero in isothermal 
ecuilibrium cou'^isting a single gas, has been 
wor^'Od out in detail by Chapman.® It has been 
found that the thickness of tlie layer formed is 
jipt»roximately cfiual to 4H, where II is the so-called 
‘*.scale height” of the atmosphere in the region 
where the layer is formed.* Further, the height of 
the layer itself deiiends upon the absorption co- 
cfTicienl of the photo-ionising solar rays. The greater 
the absorption co efficient, the higher is the Icvcd of 
formation of the layer. Near the region of niaxi- 
muni ionisation, the density varies according b) 
[larabolic law. 

It is obvious that if, instead of one, there be 
several gases with dilTcrcnt abs(.)r|)lion co-eHicieuts 
for tdioto-ionisalion, there shall be several ionised 
layers. The ionns])here, in fact, is known to consist 
of two ionised layers ; one due to phf)lo-ioiiisation 
•f molecular oxygen and the other to that of atomic 
oxygen. The two layers called the E- and the 
F-Rcgious arc situated at heights of roo and 250 
kilometres respectively. TIow if the temperatures 
of the two regions be the same, then, according to 

" CribniiiH'v; :in(l Duf:»v, Comptrs rcuihts, .30ti, 1934. 

" Clinpm.'iii, /bor. Phvs. Soc., 43. 2b, 1931. 

* Tlie pliv'iiVal iiic.Tnine of the ‘C.ilv l.riglit 11 kT 'tiig 
will be evident from tbe following. Vor n in diffusive 
.fiid isotliermnl cmiilibrinni on Ibc .snrfnre of Ibe e;irlli the 
density p at any hr-igbl li i*; givvn hv pf, Exp ( li/II). 
Tt follows lliat Ibe eolunm of atnio'^pbi'U' above tbe bviirlit 
li. if conipri“ise<l to tb? densiiv p world <uTupv a heiLdil II. 
(The symbols have their usual siginficanco ; k lloU/man 
constant, T absolute temperature, lu mass of the gas mole- 
cule aud^g acceleration due to gravity). 




506 


Science and Culture 


Vol. VI. No. 9 


the above expression (sec footnote), the thickness 
of the F-layer should be double that of the K-layer 
because tn for molecular oxyi;en is douldc that of 
atomic oxygen. Radio measurements’" show how- 
ever, that the b'-layer is on the average 5 to 6 times 
thicker than the I{-layer. It is tlierefore obvious 
that a factor 2 5 to 3 of the increase<l thickness of 
the F-layer must lx* due to increased temperature. 
>Since the temperature in the region of E-layer, as 
estimated from the scale height is that in 

the region of the F-laycr should be of the order of 
i(X)o® to ri5o°K. 

Coij.isroNAi. Frkquuncy in tiik Rfgion F 
or THK lONOSPIlKRK 

Measurement l)y radio method of the frequency 
of collision of electrons with gas particles in an 
ionised region furnishes another means of estimating 
the temperature of high atmosphere. The experi- 
mental observation consists in measuring the absorp- 
tion suffered by rarlio waves (m their reflection from 
the ionised region. Part of the trajectory of the ray 
associated with the wave lies with.in the ionised 
region itself and it is here that the absorption of 
energy occurs. The process of absorption is simple. 
The elcetrons in the ionised region abstract energy 
from the electric field of the advancing waves and 
are thereby set into oscillation. Tn the absence of 
collision there is, on the whole, no absorption of 
energy from the wave, as the energy abstracted by 
the electron is handed l>ack by re-radiation. If, 
however, there be frequent collisions of the electron 
with gas molecules in course of the period of an 
o.scillatioij, then the directed momentum of the 
electron is lost in the encounters and dissipation of 
energy from radio waves occurs. The amount of 
absorption suffered by the waves is thus a measure 
of the numlxr of collisions which an electron with 
the gas molecules suffer. In order to compare the 
experimentally determined collisional frequency 
( 2'4 X io®/vSec.) with the theoretically calculated 
value, it is nece.ssary to know the density and the 
collisional cross-section of the colliding gas mole- 
cules. Now in the F-Rcgion of the ionosphere, at 
a height of 250 km., the atmospheric constituents 
arc atomic oxygen and molecular nitrogen, the 
former being the predominant one. The cross sec- 
tion for elastic collision of electron with atomic 

'® Appletoti, Q. Jour. Roy. Met. Soc., 65, 324, 1939. 

" Mitra, Ray ainl Ghosh, Nature, 145, 1017, 1940. 


oxygen has been calculated “ for various electron 
energies. Tt is found that the observed collisional 
freipiency agrees with the calculated one, if the 
density of the atmospheric gas and the cross-section 



I’u;. 4. Illustr.uiiig liMiipernturL* variation nf tlu 

aliiiosphcre with hcigltl [Ajicr Martyu and I'ullcy). 
The tciiipcratiirc ihstrihution up lo ahout 35 kin. is 
ohlained from dirurt ineasureintnls by ionn(liii.ii 
balkHUis. 'file ^li^lribulioll alxjve is obtaim.-«l from 
various atiriosplKTic phenomena. 'I'he (xisUnve of a 
high teinperalure lieyond 100 ktn. is in 

particular in the paper. The figures along ihc onlin.'ilv 
on the riglit iinlieale atmospheric ik-nsit> (nuinhiT o( 
inoh'cules per c.c.) at various heights. {After Mitni 
and Rakshit). 

of atomic oxygen be taken respectively as those 
corresponding to a temperature of tooo°K in the 
region of F-layer of the ionosphere. 

CONCbUSION 

The various upper atmospheric phenomena 
descrilxd above, point to the existence of a hieb 
temperature in the upper regions of the almosphcie. 
(Fig. 4). The available data do not permit of any 
accurate determination of its value, nor of it*' 
nature of variation with height. But there cannot 
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l>e any doubt that the actual temperature is of the 
same order as that deduced alx)vc. According to 
^ome authors the temperature is variable, l)eing 
liigher at day by a few hundred degrees than at 
night. That the upper atmosphere should have a high 
kiiiperature may also be concluded from the fact 
iliat the whole of the. extreme ultra-violet spectrum 
of the sun is absorbed in the upper regions of the 
atmosphere and fail to reach the surface of the 
earth. The portion of the spectrum between 2100 
and 2900 A is al^orlx'd by o/one in the middle 
atmosprere. The rest of the spectral energy below 
jioo A is undoubtedly absorbed by the constituent 
ga.ses of the upper atmosphere, namely molecular 
nitrogen and, molecular and atomic oxygen. The 
l)rimary effects of the absorption might be dissocia- 
tion, ionisation or excitation of the constituent gas 


particles ; but, like all other forms of energy, the 
absortel energy must ultimatels' degrade into 
thermal energy of molecular agitation causing a rise 
of temperature. It has l)een shown by ('.odfrey and 
Price’ ■ that the eiiuilibrium temperature due to 
absorption of wavelength A 1450 by the oxygen 
molecules which have not been disstK'iated into 
oxygen atoms in the n])i)er atmosphere, can be as 
high as .^3 oo°K. If it be assumed that water va])our, 
which is a good radiator of heat, is also present in 
this region then the temperature attained may be 
considerably lower and be of the order of i^oo^K.* 

'“Ofulfrry niul Price, Prot . Roy. A., HU. 228, 1927. 

The author lias much pk-a'^urc in ackmm U-dging with 
thanks the help he received from Pr«)f. S. K. Milra in the 
preparation nf the article. 


RESEARCH- NEW PRODUCTS— NEW JOBS 


Fifteen million Americans now work at jobs which did not exist in 1900, said I^verett S. bee, head 
of the ('leneral Electric general engineering laboratory at Schenectady, in an adilre.ss on the “Practical 
Applications of Research** at Providence, R. I., at a dinner of executives celebrating “Research Day 
in New England**. “These jobs exist today,** s:iid*Mr bee, “because through research, industry has 
been able to develop huiidicds of new products. And it has been able to make them so inexpensive 
that millions of people have been able to buy them”. He said that there ^ are now 1700 distinct 
research groups in America, employing some 50,000 workers and si>eiidiug 150 to zoo million dollars 
a year, but that there is still room for more research. In 1938, he siiid, more than 150,000 inaiiufac- 
turing concerns were without research laboratories. 


—Journal of the h'ra 7 iklin Institute. 



Sir Prafulla Chandra Ray Eightieth Birthday 

Commemoration 

AN APPEAL FOR FUNDS 


ICniinciit Indians in all walks of life have issued the following appral for funds to mniTnemoratc the eightieth birth<.la\ 
of our gn-at srienlisl-philanlhropisl, Sir Prafulla Chandra Ray. Tl has hem pnpostsl that the income of the fund so collecteil 
will he devoted to the i)roniotion of scientific and industrial research, a cause which is of the utmost consequence to the 
progress India on modern lines and to which Sir Prafulla Chandra Ray has heen devoted all through his life. Wi- 
would feivenlly urge our fellow countrynicn to respond generously to this appeal so that a fund worthy of the great name 
with which it will be associated may be raised. A strong Working Comniiltee has been formed with Sir Nripendra Nath 
Siicar, liini.self an ex-pupil of Sir Prafulla Chandra Ray, as Cliairinaii. All contributions should be sent l«j the Treasurer, 
Dr. N’. N. Law, at 1)6, Ainher.st Street, Calcutta. 

— Ed. Sc. and Cul. 


the occasion of the completion of the eightieth 
year of Sir Prafulla Chandra Ray (August 7, 
1941}, it has been proposed by his friends, admirers 
and ex-pupils to laise a fund with which his name 
will be associateil. The income 
of the fund will be devoted to the 
fiiitherance of scientific and in- 
dnstiial research in India, a cause 
which Sir P. C. Ray has advocated 
all his life. 

It is superfluous to acquaint 
the public with tlie manifold 
services which vSir P. C. Ray has 
rendered to the country. Kveii 
while a student at I'kliiihurgh he 
thought deeply about the iiolitical 
condition of India and jiriKluced 
a pamiihlct which excited wide 
interest. .As a young professor, 
he devoted years of work to 
finding out from original, source'^ 
an exact estimate of the contri- 
bution of ancient Indians to the 
science of chemistry. The result has 
been his monumental History of 
Chemistry in ancient India as yet unsurpassed by any 
modern work. As professor of clieinistry in the 
Presidency College, and later as Palit professor 
of chemistry of the University College of Science, 
Calcutta, two generations of students, many of 
whom now occupy very prominent i)ositions in the 


public life of India, sat at his feet and received from 
him not mily their knowledge of clieinistry, Iml 
insi)iration for a new life as well. In mature yeai>, 
he was the founder and main iiispirei’ of the Indian 
school of chemistry. He has also 
been associated with almost every 
l)hiIanthiopic activity in i\u> 
country and has organised large- 
scale relief work in limes of tloo.l 
and famine. In 1918, as a iiiemher 
of the Chemical Services Com 
mitlce, he fought hard for the 
promotion of industry by the 
Govcniinent. He has founded hig 
chemical industries himself, which 
have brought wealth to the coun- 
try, and has inspired the proiim- 
lion of a large number of other 
iudiustrial and commercial eiilei 
prises. And above all, as a rational 
tliiiiker, he has preached the gospel 
of science and industry ill thi.- 
country. 

Had Sir P. C. Ray cared to 
retain for himself a tithe of the 
remuneration which he might have justly 

demanded as his share in the promotion of 

large-scale industries, he might have had by this 
time a prince’s income. Put he has always dis- 
dained wealth and has given away his earnings to 
the poor, to needy schools and colleges and other 
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educational institutions and, in ftcneral, for the 
dlcviation of human distress, leading all the time 
•he simple life of an ascetic. It is the duty of his 
‘(Hintrymen to honour him in a befitting manner 
.iiid no monument will be more enduring than a 
Umd named after him which will be devoted to the 
inoinotion of industrial and scientific research in 
I his country. 


Kven after passing four score years he is 
<|uite fresh and vigorous in mind and is takiiu 
his full share in the activities for the. advance- 
ment of the country. We hope that while he 
is still with us, it will be iiossiblc to raise 
this fund and devote it to the purpose deare.st 
to his heart. 


Pramatha Nath llanerjee 
Sailciidra Nath Hauer jee 
J. N. Basu 
V. C. Basu 
S. vS. Bhatiiagar 
D. Birla 

Jugal Kishore Birla 
Charu Chandra Biswas 
vSarat Chandra Bose 
Siibhjis Chandra Bose 
I'. N. Braliniachari 
C. V. Chandrasehliarain 
Ihunananda Chatterjee 
Saiiiiiukham Chelty 
R. N. Chojira 
A. R. Dalai 
G. \'. Deshmukh 


N. R. Dhar 
J. M. Dutt 
Ashutosh (huiguli 
J. J. Ghandy 
j. C. Chose 
Tushar Ivanti Ghosh 
Badridas Goeiika 
Maurice Gwyer 
M. Azizul Haciue 
Mian Md. Afzal Ilossain 
A. K. Fa/lul Huq 
Akbar Ilydari 
Mirza Ismail 
.Vinarnalh Jha 
D. B. Khaitan 
Kasturibhai Lalbhai 
S. C. l<aw 


Hijoy Chand Mahatab 

R. C. Majumdar 
Suiesh Ch. Majuindai 
U. P. Masani 

Jivraj N. Mehta 
(laganvihari b. Mehta 
Bireii Mookerjee 
vSyaniaprasad Mooker j ee 
Manniatha X. Mukerjee 
P. N. Mullick 
G. A. Natesan 
Jnananjan Xeogi 
Kajendra Prasad 

S. Radhakrishnaii 
Shri Ram 

C. P. Ramaswamier 
N. S. vSubba Rao 


C. R. Reddy 
A soke K. Roy 
Bidhan Chandra Roy 
Jadunath Roy 
Birbal i^ahni 
Ruchi Rani Salmi 
'Pej Bahadur vSapni 
Anibalal Sarabhai 
Nalini Ranjan Sarker 
vSrinivas vShastri 
Abdur Rahman Siddiqi 
Sachchidanaiida Sinha 
Xilratan vSircar 
H. S. Siihrawardy 
Shah Md. Sulaiman 
Rabindra Nath Tagore 
T . V i j a\' a r ag h al lach ar i ar 
.M. Visvesvaiava 


X. X. Sircar 
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M. N. vSaha and B. C. Gulia 
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N. X. baw 
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P. C. Mitter 


j. X. Mukherjee 


Prafulla K. Bose 



IMotee ani» IRcwe 


Carnegie Institution of Washington 

Tiik Year-book o£ the Carnegie Institution 
(No. 3b^) covering the year July i, 1938 — June .V), 
193:) has been issued. It incliides the annual 
reports of the various (leparlinents under the 
nianageinoiit of the Institution, namely, the Mtmnl 
Wilson Observatory, the Geophysical Laboratory, 
the Department of Terrestrial Magnetism, the 
Division of Plant Biology, the Division of Animal 
Biology and the Division of Historical Research. 
It also includes reports on investigations carried on 
in co-operation with other learned bodies like 
the Committee of Co-ordination of Cosmic Ray 
Investigations. The stall of the Mount Wilson 
Observatory are co-operating with the physicists and 
engineers of the Califc.rnia Institute of Technology 
in the construction and erection of the 2<x)-inch 
telescope. The Department of Terrestrial Magnet- 
ism held a conference on ionosphere and another 
on theoretical physics. The Division of Plant 
Biology carried out important work on photo- 
.synthesis, and the w(.rk in the Deiiartnient of Animal 
Biology included .studies on the physiology of 
reproduction, endocrine studies, and investigations 
on the chromosome and the gene. 


U. S. Register of Scientific Workers 

vSciKNCK Service, of W'ashington, aiiiioimce^n 
that a National Register of Scienlilic and Specialized 
Personnel in the United »Stales is being compiled on 
lines similar to those usvxl in Great Britain. The 
index is being made by the National Resources 
Planning- Board and the IJ. S. Civil Service Com- 
mission and the other organizations co-operating in 
tile scheme include the National Research Council, 
American Council on Kducatioii, American Council 
of Learned vSocieties and the Social Science Research 
Council. Committees of specialists widely acquaint- 
ed with various fields of learning will assist in classi- 
fying the index and will also be charged with pro- 
tecting the present educational and research 
endeavours which are carrying out important public 


SCI vices. The register will not be abandoned with 
the passing away of the present emergency but will 
be maintained as an up-to-date census of the 
specialized brains of America and will provide a 
means for the elTicient and rapid but appropriate 
use of the specialized brains in the service of tlu- 
nation. 


Annual Exhibition of the Carnegie Institution 

Thr Carnegie Institution of Washington 
arranged to hold their annual exhibition in 
December when exhibits ilhistraliiig some of the 
recent work done in their various departments and 
laboratories were disi)lnyed. The Geophysical 
Laboratory displayed an exhibit showing sonic 
applications of an apparatus which could i)ro(lucc 
extremely high pressures in the neighbonrhood of 
3 million pounds per siptare inch, 'riiis i)ressurc 
corresponds to that found at a depth of 300 miles 
below the earth’s surface. The apparatus thus 
enables to study in the laboratory the behaviour of 
metals and minerals under actual conditions as arc 
found in the interior of the earth. An interesting 
result has already been observed ; ferromagnetic 
substances which under ordinary conditions lose 
their magnetism at certain high temperatures arc 
found to retain their magnetism under such high 
pressuics. This experiment siqiports the view that 
the earth’s magnetism may be accounted for by the 
presence of magnetic materials in the interior of the 
eaith which retain their magnetism even at the high 
temperaliire prevailing there. 

Another interesting exhibit was the exhibit of 
the Division of Plant Biology, consisting of leaves ot 
fossil plants and leaves from their living relatives 
showing the large-scale climatic changes in the 
Pacific North West which has resulted in the south- 
ward migration of the old forests during the last 50 
million years. The Mount Wilson Observatory 
arranged an exhibit consisting of photographs and 
charts illustrating new developments in the study of 
suj^ernovae. 
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Industrial Research Utilization Committee 

A BOARD of ScicTitific and Industrial Research 
was set up by the Government of India in Aiiril, 
1940 to ensure co-ordinated development of Indian 
industries, particularly of those, the importance and 
possibilities of which were prominently bioui;ht to 
the forej’Tound as a result of w'ar conditions. Some 
of the research schemes instituted at the instance of 
the P/oard have borne satisfactory results and the 
possibility of their industrial utili/ation has Ik-cti 
proved to the satisfaction of the Hoard. The 
Government of India have now' set up a enmmittoe 
of non-officials to be called the Imlustiial Research 
I'tili/ation CominiUee whose, main function will be 
to advise the Government rc.i»ardini> the selection of 
industrial concerns to which results of researcli 
schemes should be made available for utilization and 
t«> advise on the best methods whereby the indus- 
trial dcveloimieiit of the research schemes can be 
imdei taken. The final decision on all matters on 
which the advice of the Cmiimitlee is s<iuj*hl how- 
ever rests w'ith the (Vivenunent of India. The 
Committee u’ill consist of vSir Ramswanii Mudaliar 
(Chairman), Sir Shri Ram, Sir Ardeshir Dalai, Sir 
Homy Mody, Sir Sultan Ahmad, Mr Kasturibhai 
balbhai, Mr P. F. vS. Warren, Dr N. N. Law, Mr J. 
II. vS, Richardson, Sir Frederick Janies, Sir Rahinial- 
nllah Chinny, Sir Jiiwla Prasad Srivastava, Sir 
Saived Mai tab AH Shah, Sir Abdul Halim Ghuziiavi, 
Mr C. S. R. Mudaliar, Mr N. R. Sarker, Mr F 
Stones and Sir vSaiili Swaru]) Hhatnagar with 
Mr T. S. Pillay as secretary. 

At the first meeting of the Conimitlce held at 
Delhi on PV*bruary 12, Dr Hhatnagar gave a rough 
idea of the schemes of research which hail matured 
and were capable of immediate imlustiial utilization. 
The Committee decided that research schemes which 
can be e.xi doited without much capital investment 
or as cottage industries may be released to the public 
without any conditions regarding royalty. The Coiii- 
iniltee also recommended that the royalty received 
from industrial concerns should K* coiistiluted into 
a separate fund for the further development of 
industrial research. The Committee also a])prnved a 
proposal to publish a journal entitled “Indian 
Industry*’ containing information relating to indus- 
trial research and its utilization. “>SciKnck \m> 
CiTi/ruRH** has ahvays aimed at ilisscmination of 
hnoudedge and information relating to industrial 
research and its utilization in India, and for the last 
h>ur years has published a separate section “Science 
in Industry’* entirely devoted to this purpose. We 
arc glad to note that the Committee has appreciated 
the necessity and importance (^f dissemination of sucli 
'll formation in the country. 


Annual Meeting of the Royal Asiatic Society 

In his presidential address delivered at the la>t 
annual meeting of the Society, the llon’ble 
justice Sir John Loit-Williains deplored’ that the 
support of liK'al Fuio])ean men of culture to which 
the Society ow'ed its iiiceidioii and success at its 
initial stage is fast disai;]iearing. The luuopcan 
in India today shows little iiilelleetual endeavour or 
cultural activity as compared with his 1 nedecessors 
of the eighteenth or early nineteenth century. The 
future activities of the Society will more and more 
devolve on Indian scholars as the years pass. Hut 
we regret tr> note that in elucidating the future aims 
and objects of the Srjciely, the president makes a 
distinction between si»ecialists, iirofessiouiil scholars 
and men of broad culture and expresses the hope 
that in future the »Society will be a meeting’ ground 
of the latter chiss. Two years ago wc were coii- 
slraiued to remark in these columns that aiiioiig a 
section of memhers t>f the Society there was a 
tendency to turn the Society into a clul) for rich 
S'liltiircd’ ])eo])le. However, within the last two 
vcais, as a result of the recoimiieiulatioiis of a siiecial 
emiuiry comin'.ttee, there has been reorganisation 
and overhauling of the work of the vSociet>' resulting 
in some imjmwemeiil and pri gress. i!ul the tone 
of the ])residenlial address, we are soiiy to remark, 
surely gfies against the spiiit in which the vSocicty 
was fi>unded l)y its first inesideiit, Sir William Jones, 
ami was worthily maintained till recent times by his 
siuccssors. 

The Sir William Jones nieniorial medal awarded 
biennially for the im.st eminent work in advancing 
the objects (d the .Society, w:is awarded this year to 
Sir 1 *. C. Ray. 

The following olfice-bcarers w'ere elected for 
the year, 1941. 

I rcsidcnl- 'I'he Hon’ble Justice Sir John Lort- 
W'illiams ; Mcr-Prcsidt nls — Col. Sir R. N. Chopra, 
J)r C. S. h'o.x, Dr Syaimiiirasad Mookerjee, vSir vS. 
Radhakrishiian ; (icncral Scnrhiry — Dr H. S. Giilia ; 
r mtsurcr -Dv Haini Prashad ; l^hilolo^ical Sccnlary 
Dr S. K. Cliatteriee ; Joint l^liiloloiricnl Srervtary- 
Mr M. Mahfuz-ul Ha<i ; Xalunil History Srcrctarics: 
lUoloeiy -l)r Kalipada Hiswas, riiysiciil Science — 
Dr Meghnad Saha ; . I »iI/iro/u)/(>g/c<i/ Secretary - 

Mr H. C. Ch.ikladar ; Phitosof->hicaJ Secretary 
Pandit V’aiianiali Vedanlatirlha ; Historical and 
.lriliacoloj:ical Secretary— Hr Kalidas Nag; Medical 
Scretary — Major C. L. Pasricha, and Library 
Secretary— Hr J. N. Mukheijee. The other mem- 
bers of the Council included Dr S. C. Law, Dr M. 
Z. Siddup, Mr. C. W. Gurncr and the Hon’ble 
Mr Justice N. G. A. Edgley. 
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Compulsion for Eradication of Agricultural Pests 

A(;kicui/i'uk.m, pests and diseases of croits often 
do considerable liarni to the crops raised by a.u[riciil- 
turists in. various jiarts of India. Kxtensive investi- 
j[>atioiis made l)y the agricultural department as to 
the best methods of iireveiitin.e or reducing such 
danK\i;e have in many cases been successful in i>ro- 
vidini; control tn* remedial measures. In dealing* , how- 
cvc‘r, wilb any contagions or infectious crop disease, 
or any infestation by noxious insects, control or 
remedial measures to be efTeclive must be applied 
over the com])letc area affected. If small portitins of 
affected area are left untreated, these will form 
reservoirs wheiiee tlic troulile will inevitably 
spread to those luirts from which the pest has been 
eradicated. Such a contingency arises if any culti- 
vator is not willing to co-operate in taking the 
neces.sary measures or precautions against a pest. 

I 'iifortunately in some areas despite propa- 
ganda and explanation to the cultivators of the 
necessity of uniictl action, unwillingness a small 
number of cuUivatois to adopt the uecess;n*v 
measures, seriously reduces the eflicaev of the 
measures taken. It is certainly unfair that the 
intelligent and energetic fanner should suffer from 
the ignorance or indolence of others and a measure 
of compulsion should be applied in such cases to 
ensure that the crops of a ina’ority sliould not be 
damaged or ruined by the slackness of a small 
minority. In Madras the Agricultural Pests and 
Diseases Act, which enforces such comjmisory 
measures has been in force for a nunilier of years. 
The Bombay Oovernmont is now considering the 
desirability of passing a similar Act for tlie benefit 
of agrirnltnre in that inovincc. Necessary pre- 
cautionarv or ameliorative remedies against agricul- 
tural pests and diseases will be enforced, and, where 
the owner neglects to comply with orders, the 
necessary remedy nill l)e applied by the Government 
and tlic cost recovered from tlie owner. 


Improvement of Livestock 

Tine low efficiency and the milk yield of the 
cattle in our country are primarily due to insnniciency 
of food of the right type and of promisenous breed- 
ing. '['he shortage of bxlder is due to the t)oor 
condition of grazing grounds and more so to the 
heavy incidence, the useless cattle eompeting with 
the essential. It has also been observed that cattle 
relying primarily on grazing grounds in close proxi- 
mity to forests arc far inferior to those in the inten- 
sively cultivated tracts where they are stall-fed with 
cultivated fodder or straw. Mr K. P. Sagreiya in a 
pa[>er {Bulletin No. 2, Forest Department, Central 


Provinces and Berar) analysing the problem rnainb 
from the provincial standpoint has suggested thai 
efforts must Ixj made to enforce (i) castration (j 
emaciated bulls, (ii) selective breeding, {Hi) diserimi 
nation between the es.sential and the surplus livestock 
and favouring of the former at the expense of Hi. 
l.atter by differential rates, and to encourage (h>) eiil 
livatif)!! of f(xldcr crops by reducing the lami 
revenue on lands under such cro])s, (r) better ntili7;i 
tion of grass from remoter tracts as hay or silage , 
and (rf) improvement of the grazing grounds. 

Already experiments have been started to fnul 
out the most practicalde methods of making bcttui 
grazing available from the reserved forests. vStudies 
are under progress on the effects on grazing grounds 
and grass lands of (/) different incidences and 
grazing-closurc cycles, {ii) burning, (///) weeding, 
(/t) reseeding, (r) manuring, etc. In this Conner 
tion commercial possibilities are being explored for 
converting into silage the grass in tlic remote 
?eseivt‘d forests where its rank growth only liaiii- 
pers regeneration of tree species and incre.ases tlie 
fire-ha/ard. The grass is likely to find its wav to 
consuming centres for sale at a nominal price, and 
a via mciiia is expected to be found out between 
the insistent demand of extra lands for pasture 
])urposes and the necessity of protecting fr>rests. 


Suj^arcane Research in India 

A SHOKT account of the progress attained in 
sugarcane research in this country entitled “A 
suminarv of some ])ractical residts of sugarcane 
research in India” has Viecn published as Misrclhr 
neons Bulletin No. 34 of the Imperial Council of 
Agricultural Kcseaich. Pcsults of practical utility 
obtained up to and inchiding 10 have been in- 
corporated in the BuPetin, which is non -technical 
in style and a valuable publication for sugarcane 
growers and factory owners possessing their own 
tdantat^’ons. 

The memoir gives a general dcscriiition of 
sugarcane cultivation in different provinces with 
special reference to area under improved types. This 
is followed by a detailed description of behaviour 
and distribution of the present-day popular varieties. 
The range of i)ossibilitics of improvement in yieki, 
by a comparison of the behaviour of different types 
in important sugarcane l>elts of the country ; im- 
provement in cultural methods, rotations aiui 
ratooning are also noted under different headings. 

Manuring of sugarcane, including the use ot 
molasses and green inanuring, arc dealt with fully 
The relative usefulness of nitrogen, phosphorus and 
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[►otash are discussed and the optimum rate of various 
nitrogenous manures, their useful combinations and 
iicst times of their application found as the result 
f trials in different parts of the country arc dis- 
.iissed. 


camp for junior officers of the'TXTrhrreoldgical Survey 
and scholars and apprentices b<ilh of the (Govern- 
ment of India and the Indian States. 


A chapter is devoted to i)ests and diseasc-s and 
possible control measures. Academic studies of a 
olieinical and jihysiological nature and root studies 
in so far as they have yielded useful indications of 
results of practical value have also been incorporated. 


A New Link in India’s Past History 

IM1*()RT.\NT discoveries which might hel]» in 
tilling up some of the gai)S in India’s ancient history 
are expected to Ixj made at Ramnagar in the 
Bareilly district of the United Provinces. The site 
lias been identified as the city of Ahichchatra, the 
capital of ancient Panchala. The city is on an 
elevated triangular tableland of rolling mounds, 
coverefl with thick layers of bricks and viotslierds, 
surrounded by a broad brick wall, rising in places 
to nearly .so feci alx)vc the low jdain outside. The 
wall shows bastions and angles at \aiious points 
Mild is nearly three and-a-half miles in circuit. The 
luieks used in the wall are titnisually large, l)eiiig 
to 24 inches long, indicating an early age, from 
loo — 300 H.C. Two high mounds, 30 to 50 feet 
high, stand inside the city and seem to be the 
rcMiiains of terraced temples, but there is nothing in 
the configuration of the mounds to distinguish 
(lilTereiit parts of the ancient city. A broad parti- 
ti<»ii wall ajipcars to run from north to sontli dividing 
the* city into two une(iual parts, the eastern one 
heiiig smaller than the western. Kxcavations are in 
IMogress in the we.stern i^art, over an area of about 

feet each way, where several houses, lanes aiul 
streets have been brought to light. 


Report of the Royal Society 

Tiik Report of the Council of the Royal 
Society for the year ending October 31, 1940 

records that in its long history of traditional co- 
operation with the Oovenimeiit the year under 
review forged the mf)st intimate contact, culminat- 
ing in the setting up of a vScicntific Advis<>ry Com- 
mittee to the War Cabinet. A short notice of this 
Cotiiiiiiltee was made on page 2S2 of the NToveinher 
n>/|o issue of SciKNCi; and C'ui/ruRK. This Commit- 
tee, api>oiTited by the Lord President of the Council 
after ili.scii.s.sioii with the Officers of the Society and 
with tile approval of the Prime Minister, is (a) to 
advise the Lord President on any scientific i»robleiii 
referred tf> it, (h) to advise Oovernmenl depart- 
ments, when so re(i nested, on the scleelioii of 
iiidividnals for parti* tilar Hues of scientific impiiry, 
or for memhership of committees on which scientists 
are reciuircd, and (c) to bring t*> the notice of the 
Lord President ])romising new scientific or technical 
devolojnnctils which may l>e imi)orlant to the war 
elTort. The constituti*)ii of the Committee is as 
folows : Chairwnn, Lonl Haiikcy, Chancellor of 
the Duchy of Lancaster ; numbers, Sii William 
Bragg, O.M., as i)rcsident of the Royal Society, 
Pn)fess<ir A. V. Hill and Professor A. C. G. Irgerton, 
as .secretaries of tlie I\o\'al Socielv, Dr. K. V. 
Appleton, as secretary of the Department of vScieiiti- 
lic and liuliistnal Research, Sir h'dward Mellanhy, 
as secretary of the Medical Research Council, and 
Sir Pdwiii Putler, as secretary of the Agricultural 
Research Council ; johjf. sccrrlarics, Group Caidain 
\\^ Klliot and Professor \\\ W. C. Topley. 


The temples and houses of the city that have 
hecTi exposed so far appear to belong to the epoch of 
the Gupta Phnpire (400-.S00 A.D.). The city seems 
to liave been evacuated sometime alxnit the Huti 
invasions of the fifth century A.D. .and must have 
been in existence for nearly a thousand years before 
hesertioTi. As excavation proceeds layer by layer 
earlier occupations will reveal themselves. The 
findspot of every object Ixilh as regards position 
and depth is being accurately recorded, even in the 
case of commonest objects like pottery. This will 
l't<>ve a basis for studying the setincnce of pottery, 
•‘s has been done with conspicuous success in P'gypt 
and other ancient countries. 

Besides yielding important historical results, the 
excavations at Ramnagar form the first training 


Many <if the fellows of the Society are actively 
at work in own spheres or on deputation on pro- 
bl^cms bavin a sital bearing on the health, feeding 
and protection ol fighting men and civilians under 
war coiidili*»ns. Under Society’s initiative, a com- 
mittee was appointed to atlvise the Homo Ollice on 
the release or exemption from internment of aliens 
whose work was considered to be (d importance in 
the promoti*.)!. of science, not exclusively in relation 
to the national war elTort. This initiative has been 
followed ni) ior pers*)ns who were engaged in other 
vocations, namely university teacdiers, medical men, 
musicians, artists, etc. The Society for the Protec- 
tion of vScieiice and Learning prepared the applica- 
tions. 'I'he Society’s work is inogressing on the 
c«>inpilation of the Central Register (section for 
scientific research) and the Society’s coi)y has been 
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re(jiiisitionc(l by the Ministry of I^abour and 
National Service. 

The war has iiaturnlly alTcctcd the normal 
research activilies of the Society. Many holders of 
rescarcli appointments have undertaken work in the 
national interest ; others have been forced to modify 
their ])ro:.;ramnie owiii” to clian.yed circumstances. 
^I'he Council has recommended to the Treasury after 
consultation with the W'oods Hole Oceano^>rat)hic 
Institution not to discontinue research into Atlantic 
Drift problems at the Bermudas. vSome of the 
apparatus i)rcp.ucd for the eclipse expedition to 
South Africa were sent out to the Cai)e observers. 
Kc.nardini^ Society’s publications there has been as 
well .some curtailment due to rationing of paper 
supj)lies. The Council considered necessary to 
impress upon authors, more i)articularly of the type 
of ]>apers as published in the PhiIosot>hical Trans- 
actions the desirability of confining their papers to 
a descri|)lion and discussion of new results. 

The Imperial Chemical Industries contributed 
/j,oo(.) to meet the cost of the Society’s publications. 
The late Sir Henry Head, K.R.vS., has bequeathed 
his residuary estate for research in medical science, 
which is expected to yield more than /,‘ioo,(K)0. The 
vSociety lias accepted, in accordance with the wishes 
of the late Professor A. Sinithells, a iiacket of letters 
and papers containing bic graidiical material relating 
to the late Lord Rutherford, which will not be 
opened before i January, 1987- 


Announcements 

At the twentieth annual meeting of the Indian 
Botanic \L vSocikty held at Benares on the 3rd 
January, 1041, the executive council was consti- 
tuted as follows : 

/ Vr.s /Mr »/ Professor S. I/. Ohose (Lahore), 
\lcc-Prcsidcnls Dr II. Chaudhuri (Tvahorc), Dr Shri 
Ranjan (Allahabad), .Srr ref ary— Professor Y. Bhai^a- 
dwa}a (Benares), Treasurer -Professor “M. O. P. 
Ivengar (Madras), I'Jcctcd Members of the Execu- 
tive (’ounril - Dv P. L? Anand (I^ahore), Dr K. 
Biswas (Calcutta), Dr Rafi/jue A. Khan (Aligarh), 
Dr B. C. Kiiiidu (Calcutta), Rai Bahadur Professor 
K. C. INIehta (Agia), Dr R. N. Nirula (Nagpur), 
Dr B. P. Paul (New' Delhi), Principal P. Parija 
(Cuttack), Pr()fess(’r B. vSahni (Lucknow) and Rai 
Sahib Kalidas vSawdmcy (Parbhani-Deccan). 

The third annual general meeting of the Ento- 
^^o^ooTC\^ vSociKTv OK Indi\ was held at Benares 
on the 3rd January, 1941. The General Secretary’s 


annual report showed that at the end of 1940 tli. 
Society’s ineinbcrship had reached a total of n.. 
The main activity of the Society was the publie;i 
tion of the Indian Journal of Entomology. Tli 
vS(x:iety’s branches at Lyallpur, New Delhi, Pus: 
Calcutta, Coimbatore and Karachi are maintains i 

The following oflicc-bearers were elected fc: 
1941 : Eresidenl—Tk T. V. Raniakrishna Ayv.ir 
(Coimbatore), Vice-Presidents — Dr N. C. Chatterjt.. 
(Dehra Dun), Dr Khan A. Rahman (Lyallpur). 
General Secretary — Dr Taskhir Ahmad (New Delhi', 
Joint Secretary and Treasurer —Mr II. T<. Bhali.i 
(New Delhi), Councillors — Mr J. C. M. Gardiui 
(Dehra Dun), Mr vS. K. vSeii (Mukteswar), Members 
of the Editorial Board (in new vacancies) — Dr K. Ik 
I,al (Now Delhi), and Mr vS. K. vSen (Mukteswar). 

With the oobjcct of cultivating and promoting 
the study of plant and animal ecology by closti 
co-operation among different branches of scienct-, 
r/'T. — the botanist, Ihe zoologist, the geologist, tlu 
meteorologist, the agriculturist, the .soil scieiilisl, 

the chemist and the geographer the Inuiw 

Kcot.ckDCWl SdCIKTy was inaugurated at Bcnaios 
during the Science Congress se.ssion and the follow- 
ing were elected to the executive committee of tlu* 
Society for 1041 : President — Prof. S. P. Agharkfir 
of Calcutta University, Vice-President — Dr N. I,. 
Bor of Forest Research Institute, Dehra Dun find 
Dr S. L. TTora of Zoological vSurvey of Indin, 
Calcutta ; Secretary and Treasurer — Dr IL R. 
Bharucha of Bombay ; Members Mr P. W. Davis, 
of Ootacamund, Prof. P. W. Gideon of Karnatnk 
College, Dharwar, Dr R. D. Misra of T. N. J. 
College, Bhagalpur, Dr L. A. Ramdas of llu* 
Gbservatory, Pnoi;.i, Dr T. S. Sabnis of Cawnpore. 
The office is lfx:ated at Royal Institute of Science, 
Bombay i. 

Nkw rules have been made to enable bonafide 
researGi students in India, including universitv 
f>rofessors and readers and certified post-gradnntc 
scholars, to inspect and copy without any restriction 
from all documents, from the earliest times down to 
i8<So, in the custody of the Imperial Record Depart- 
ment, Government of India. The admission to tlu* 
archives is absolutely free and though the extracts 
taken from the records are to be examined by tlu* 
Keeper before their release, there is no examination 
fee. Complete information about the conditions of 
admission not only to the various public record 
offices in India but also to the public and privat ■ 
archives in Kuropcan countries has been published 
in the Manual of Rules Regulating Access Ic 
Archives in India and Europe, just published by 
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ilic Imperial Record Department. The .Manual was' 
..nipilcd on the recommendation of the Indian 
historical Records Commission. 
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Corrections 

In the last b'chniary issue in the article 
entitled Hlectrou Microscope, on p. 4/12, the last 
line of the left column 

bids fair lo show that it ivill soon [trove itself to be 

.should come above Fig. 5 011 the same page and 
read after “But it”. 

In the same issue in another article entitled 
‘llow far Census in Bengal is Accurate, on p. 4.10 
the 3rd line from top of the right column should 
read 'affect them dirccAly’ The subheading— 
examined — was a wrong interpolation. 


PLANNING FOR PROGRESS 

There was justilication for the lx*lief that agriculture would long be concerned with the production of 
food crops. A realisation of iiiii'ortance of diehiry values in the nutrition of man and of live-stock might 
lead in some cases to an increased demand, but it is a fact that serious difliculties lias already arisen in 
connection with the disposal of certain food crops. 

No one, however, would lie so rash as to foreca.-^t that there would be no cliaiigc in the agriculture 
of the future. Secondary industries even now arc using larger and larger (luaiitities of agricultural 
iwoilucls as raw materials. 

One manufacturing firm in U. S. A. spent $14,000,000 last year in the purchase of agricultural 
I'l-oducts for use in chemical industry. P'our years ago, the entire crop of soyabeans from 50,000 acres 
was utilised in connection with automobile iiiaiiufacture by one organisation alone in U. vS. A. 
Wlio would say that larger (luantities of crops would not be grown for the production of power alcohol ? 
It had been suggestecl, loo, that the weed of today might well be the crop of tomorrow. 

Whatever the situation, it is essential that people shouhl have much more* detailed infonnatinii on 
tlieir present resources. That is necessary not only for present wartime requirements, but also for tlie 
inevitable recomstructioiial period. 

It is accepted that vast social, economic as well as technical i)roblcnis had yet to be solved, but 
I la v should be as ready to see possibilities as they are to discover diriiculties or dangers. Planuiiig under 
^ncli conditions is no easy task, but the achievements of the past might well be accepted as an index of 
^till further successful achievement in the future. 

—With acknowledgment lo the Agricultural (iazette of New South 



Science in Industry 


Chemical Technology Researches 

At the last session of Science Coiiftiess at Benares 
6i papers eml)0(lying researches on iiuliistrial chemis- 
try were presented. Of these some deserve attention as 
their results indicate commercial exploitation possible. 
At the Indian Institute of Science, Bangalore, manu- 
facture of acetic acid by the decomposition of lime 
acetate by sulphuric acid was studied and 8o7t> crude 
acetic acid was obtained in a copper i)lant made 
there. In this experiment 57 11)S. of acetate produced 
at Bhadravati j»avc alxiut 40 lbs. of crude acid 
in a day. The concentration of the 80% acid to 
glacial acetic acid by azeotropic distillation using 
various entrainers has been effected. The extraction 
of acetic acid direct from pyroligneous acid, the 
manufacture of ethyl acetate using lime acetate, 
alcohol and hydrochloric acid ; of sodium acetate from 
weak acetic acid fractions, and acetic anhydride from 
sodium acetate are under investigation. 

Kxact conditions for the electrolytic preparation 
of hydrogen peroxide have been investigated at Royal 
Institute of Science, Bombay. Ammonium persul- 
phate has been prei)ared by the electrolysis of a con- 
centrated solution of ammonium sulphate by the chro- 
mate method using a current density of 250 amps. 
I)er S(i. ft. and at various concentration of II2SO4 in 
the electrolyte. The current efficiency has been found 
to be 73%. It was found that a preliminary heating 
of ammonium persulphate with sulphuric acid is 
necessary to get a fairly good yield of hydrogen 
peroxide by distillation in vacuum. The yield 
has lx*en found to be 80 ”4 of the theoretical amount of 
hydrogen peroxide. Potassium persulphate under 
similar conditions has been found to give a yield of 
84% . 

Town refuse, consisting mostly of dung of 
various animals such as donkey, cow, buffalo, camel, 
goat, etc., on burning has yielded crude ammonium 
chloride in an investigation at the Industrial Rcseaich 
I^aboratory, I,ahore. The refuse is burnt in old types 
of brick kilns, and the issuing fumes are deposited on 
the cooler side (exposed to air) of the bricks. It has 


been found that when the scrapings arc lixiviated 
with water and concentrated, crystals can be separated 
by centrifuging. Purther imrification is done by siii) 
limatioii. Ammonium chloride produced is quite 
pure and is reported to be competitive in price wiili 
the foreign material. The process of preiiaiatioii 
has been demonstrated in the locality and a faclorv 
has come into existence. 

Another interesting investigation is proceeding at 
Benares Hindu University on the electro-synthesi.s t>l 
potassium permanganate from pota.ssium nitrate and 
pyrolusite. 


Removal of Sulphur from Tertiary Coals 

The attention of coal i)roducers of Assam and 
N. \V. India has I)een drawn in a paper presented at 
the geology section. The author belonging to gcolog.\' 
department of Presidency College, Calcutta men- 
tions that coke produced from the Tertiary coals of 
India contains a high ijerceiitage of sulphur, and f(a 
this rea.son it is not iK'iiig used in high class smelling 
operations. Various methods are diseussetl by which 
sulphur may be appreciably reduced : (i) by (jnenchiiig 
red-hot coke ; {ii) by passing hydrogen over red-hot 
coke ; (m) by subsequent quenching of the red-hot 
coke from (ii) ; {iv) by action of volatile chlorides 
such as sodium chloride ; and {v) by ainmouinni 
chloride. The author has carried out experiments 
in the laboratory with specimens of (a) Namdang 
coal, and (b) Watching coal from upper Assam. 

The coal specimens that were carefully selected 
for laboratory investigation contained only iicgligii)k‘ 
quantity of pyrites but have very high percentage 'd 
organic sulphur, i.e., 2'66% and 4‘54% respectively- 
The Namdang coke contains 2 56% and Watching 
coke has 411% sulphur. 

The author has shown that by quenching rcd-hui 
coke with water, less than 1% and by i)assing hydi"- 
gen over red-hot coke 40% of sulphur content 
be removed. By .sodium chloride treatment ah'^id 
60%, and by ammonium chloride 30% of the sulphm 
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content could be eliminated. In the first four 
methods the quantity of coke does not deteriorate, 
whereas in the case of aniinonium chloride the coke 
obtained was loose and friable. 


Acharya Pra^ulla Chandra Exhibition 

In connection with the celebration of Sir P. C. 
Ray*s 8oth birthday in August next, the Commercial 
Museum of the Corporation of Calcutta has decided 
to hold an exhibition of chemical and pharniaceiitical 
industries. A meeting of chemists and chemical in- 
dustrialists was held under the auspices of the Com- 
mercial Museum to form an advisory hoard for the 
proposed exhibition and Dr 11 . C. Cuba, ('rhose 
professor of aiiplied chemistry, University College of 
Science, Calcutta, has been elected chairman of the 
Ixiard. The organisers of the exhibition lu)i)e to give 
a retrospective survey of the achievements alieady 
scored ; and to illustrate llie prospects of potential 
industries in India. It will be an exhibition of newer 
tyiies of chemical and pharmaceutical products pre- 
[)ared on scientific lines and preferably from indi- 
genous materials. The exhibition will be an index of 
the success of our efforts in developing chemical and 
l>harmaceiitical industries. It is expected to indicate 
liow to mitigate our tragic dependence on imports 
from foreign countries by utilizing Indian rescurccs 
and materials which are yet wailing to be tai)pcd. 

Acharya Ray has inculcated a real spirit of re- 
search for the development of chemical industries in 
India. So it has been decided to devote a special 
section in the exhibition to demonstrate and p«)pu- 
larise the scientific investigations having industrial 
l)ossi hi lilies which are being conducted in the 
different laboratories of the universities and in other 
technological and scientific iiislitutes in India. 
Itndeavoiirs will be made to have a careful and repre- 
sentative selection and to give preference to those 
products which are prepared largely from indigenous 
materials. 

The exhibition will have eleven chief sections 

(i) A historical survey of the evolution of the 
chemical industries in India since i8go, {2) exhibition 
of chief products — heavy chemicals, acids and alkalies, 
(.^) drugs and drug st^urces, (4) vegetable and forest 
products other than drugs, (5) minerals and their 
rjrcxlucis, (6) coal and by-products, (7) marine ])ro- 
ducts, fish oils, weeds, etc., (8) synthetic products 
other than drugs, (g) fuel research, (10) research 
exhibit's from lalxjratories, and (ii) miscellaiieous. 

The exhibition is proposed to Ixj held by the 21st 
of March and will be kept open for a fortnight. We 


join ill the appeal issued by the Commercial Miiscutn 
to the industries, research laboratories and to other 
relevant s»mrces all over India for an effective colla- 
boration by tlieiii to make this cxhilnlion a sr.ccess. 
Further information may lx.* had at the office of the 
.Museum at College vStreet, Calcutta. 


Research Bureau's Work 

Tuk annual report of the Industrial Research 
Ihireau for tlie year i().^g-4o gives a summary of the 
l>rocee(Hiigs of the fifth sessi<jii held in August, 
of the Industrial Research Couiieil, which is the 
advisory body connected with the Imlustrial Research 
Hureau and consists directors of industries of the 
inoviiices and ]n iucii>al Stales, «)nicers of the (Govern- 
ment of India, and nominated industrialists and 
scientists. 

The Research branch at the (Govenuneiit Test 
House, Calcutta, are continuing the work on the 
iiii])rovenieut of ])aiiils and on indigenous paint 
materials, on the manufacture of efficient dry cells 
with Indian raw juaterials, and on the utilization of 
vegetable oils as internal combustion engine lubri- 
cants or fuels. They carried out investigations to 
aid the glass indusliy, and tests to aid the growing 
electric lamp industry. W'ork on road research has 
begun on the road te.sl-lraek at Majerhat. 

The Bureau published bulletins on Indian 
refractory clays, titanium r>.Kide recovery, the manu- 
faclinv of liquid gold aiul of china glass for use in 
the ceramic and glass industries, ami the utilization 
of Indian vegetable oils as lubricants or fuels in 
engines. .ViTaugeineiits have been made f«)r the pub- 
lication of bulletins on the leather, haiidloom, and 
silk industries and on otlier industrial subjects. 

The staff and conseciuently the activities of the 
Bureau suffered coii.sideiable euitailmenl at the out- 
break of war, but the Bureau, including the Research 
Branch, were sul)seqiiently merged into the orgaiiisa- 
tiiiii of the Director of Scientific and Industrial 
Research. 


Steel Substitute from Volcanic Rock 

.XccoRDiNf, tt) a Consular report to U. S. A., 
basalt is being used as a substitute for steel plates 
in ('icrmany. Bas:dl is a dense to glassy, dark- 
cohjured, ba.sic, volcanic rock, compi)scd essentially 
of soda-lime fcl.si)ar and pyroxene ; witii or without 
olivine and with accessory magnetite or ihnenite or 
apatite. 
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A special process has been developed to over- 
come the inherent l)riUleness of Ihe stone. Crushed 
and graded basalt stones are fed into lartic furnaces 
and melted at a slightly higher temperature than that 
of the melting point of iron. The operation is conti- 
nuous and the easting process similar to that of 
steel. In order to remove the brittleness of the 
cast articles or plates an elaborate tempering treat- 
ment is nccessjiry. For this purpose the white-hot 
moulds pass through a number of tempering kilns, 
lemaining in the last one for 56 hours. As a result, 
the basalt aciiuires a very dense ncedle-likc crystal- 
line structure. It is claimed that teini)ercd basalt 
resists wear and tear better than almost any other 
known prcxluct. It has a pressure resistance of almost 
equal to tliat t)f iron, and a tensile strength about 
e(iual to that of glass. 


successful contact with the textile and other chemical 
industries of the province is evidenced by the 
absorption of its graduates, the subsidies received for 
industrial research and the increasing amount of 
analytical work and technical investigations submitted 
to the department. This latter work has added 
Rs. 8ocx>/- to the atinual income of the department. 
Processes for the manufacture of the following pro- 
ducts were investigated with the aid of subsidies from 
industrial orgaiii.sations : sodium nitrate, sodium 
sulphide, potassium and sodium dichromate, chro- 
mium salts, a desizing agent in powder form suitable 
for the textile industry, ephedrine from ephedra herb 
by a ])rocc.ss not involving the use of solvents, 
/?-nai)lithol, hydroxynaphthoic acid, and salicylic 
acid, glacial acetic acid and potassium acetate, 
paralTin emulsions, and sulphouated oils. 


The ( •overiimeiit Material 'resting Laboratory in 
Ilerlin gives the following si)ecirications for tempered 
basalt : - 


Specific gravity 
Resistance to pressure 
h'lexibility 
Tensile strength 
Hardness 


3‘8 to 

ooou kg/ sq. cm. 
300 kg/ sq. cm. 
:i2o kg/ sq. cm. 
S to Q Mohs. 


It is ])eing used in ('lerniaiiy in cases where high 
degree of resistance against abrasion is desired. It is 
elaimed that hardened carbon steel with i per cent 
of carbon content, resists abrasion to only alxnit half 
the extent of tempered basalt. The apidicatioiis to 
which tempered basalt is being put in Germany in- 
clude the lining of e<iuipment for handling coal, 
coke and ores, the lining of acid chamliers, and as 
industrial flcjoring materials. 

It is rei)orted that a ba.salt deposit occurs in 
Deccan. 


N. K. S. Cr. 


Chemical Technology Department of Bombay 
University 

We have received the annual report for 19.^9-40 
of the dej)artment of ('hemical technology of 
University of Bombay. The work of the dei)arlinciit 
is divided into three categories : training of students 
in textile chemistry and chemical engineering, 
research into allied i)robIems and technical help for 
related industries. 

It is gratifying to note that the demand for 
reprints of the research papers published by the 
department has been gradually increasing from mills 
and other industrial concerns. The department’s 


The conditions created ])y the war brought in a 
number of enquiries reganlitig schemes for the indi- 
genous maniifactiire of products normally iniporte<l 
from abroad. These were the mamifaeturc of electro- 
lysers for the cotton industry, of i)hospliorns and 
jdiosphatic comi^ounds from raw bones, of plastics 
from casein, of bichromate from Indian chromi' ore, 
the i)reventioii of fungus growth in cement, the utili- 
sation of the fat of Valeria indica (Dhoop), Indian 
cellulosic materials for the manufacture of rayon, and 
the preparation of ])aint oil from cotton seed oil. 


New Alloy for Steam Turbines 

Tiik research staff of the (rcneral Electric Re- 
search Laboratory at Selieiicctady have found that 
colunibiuni, a relatively unfamiliar clement and with 
very little commercial inij)ortance at present, when 
added in small j>ortions in iron, produces an alloy 
of exceptional i)roj)erties. There is no carbon in the 
new alloy, so it is not a steel. The iron contains the 
coin 111 bium as a finely dispersed stable compound of 
iron and columbium. The alloy containing three 
per cent of colunibiuiii and the balance iron, has cx- 
tceplionally good rupture strength at i loo^F., a letii- 
perature not yet commercially used but being 
aiiproached by modern high temperature high- 
pressure steam turbines. It is expected that the new 
alloy will make it possible to extend further the 
temperature at which steam turbines are operated at 
present. 

iV. K, S. G. 


A Huge Tire 

Thk Firestone Tire & Rubber Co., U. S. A., has 
recently built the largest tire in the world which is 
to be used for a huge earth scraping and hauling 
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c(iuipmcnt. The lire is lo feet hiRh, 39 inches in 
cross-section and has a carrying capacity of 55,200 
pounds. 

The lire weighs, with its tube and flap, 3646 
pounds, which is greater than the weight of many 
passenger cars. At the thickest part of the tread, 
the tire measures 5 i.ichcs of rubber and cord fabric. 
To build a single lire, more than t' 5 bales of cotton, 
more than 0 75 ton of crude nibl)er, 0 5 ton of other 
compounds, and 60 pounds of steel wire were used. 
The wheel required for this gigantic lire will be .pi 
inches in diameter, 26 inches wide, and will have a 
flange 6 inches wide. 

N. K. S. (r. 


Sugar Technology Research 

To carry out research in the different branche.'^ 
of sugar technology, the Imperial Institute of 
>Sugar Technology at Cawni)<)ro was started Iw the 
Government of India on October 1, It aids 

factories by iidvising on matters relating to improve- 
ments in working of idani, imiirovemetils in manu- 
facturing processes and technical control of niamn 
facturing operations. The Institute also trains 
students in all brandies of sugar tedinology and 
provides short refresher courses for technical 
emiilovccs of sugar factories. 

Tlic sugar research and testing station at Ililari, 
the bureau of sugar standards, an experimental 
sugar factory, a workslio]), sugar eiigiuceriug and 
chemical engineering laboratories and a research 
sc'heme for the manufacture of cattle feed from 
molasses are some of the constituent .subjects of the 
Instiliito. A sugar trade iufortnation service is also 
under the control of the director. 


Of the research schemes for utilising 
molasses, cattle feed containing molasses are 
under preparation whicli can economically re- 
place common fodders. Road -surfacing comjiosi- 
tions containing molasses seem to bo SJitisfactory. 
Experiments on the fermentation of molasses to 
Inityl alcohol, acetone and acetic acid and on the 
preparation of yeast arc showing the practical 
])()ssibility of develoi)iiig these into paying industries. 
The i»iopcT disposal of sugar factory effluents is of 
the greatest importance in order to safeguard the 
health of the workers and of residents in adjoining 
areas. A .sinqde and .sali.sfactorv method of dis- 
po.sing of eflliients has been ev«)lved in the Institute, 
bas(.‘d on which large-scale plants have been erected. 


Electricity in Indian Mines 

IxCKKASKD use is being made of electrical and 
meclianical appliances in Indian mines. The number 
of coal mines using electrical energy was i.li in 1030 
as compared with 136 and 124 in the two previous 
years and the aggregate Iiorse-power employed at 
coal mines increased from ()S,o77 in 193R to 1,04,000 
in 1030, an iuereasc of f)’(>5 per cent. During the 
year electrical plant was installed in seven mines, 
and of mines using elect licity one was reopened. 
The number of coal cutting machines used w«ns 203 
in 1930, as compared with 1S6 in 1038 and 140 in 
1937. “^11 tilt' machines were electrically operated 

and were employed in 72 mines. Resides coal 
cutting machines six ])iu*umalic jacks worked by 
c{>mi)ressed air were in use in one mine. The total 
area undercut was 10,816,000 square feet as com- 
pared to 8, <827, 000 square feet in 1938. 

Besides, electricity used in 22 metalliferous 
mines aggregated 8,107 li.p. as against 7,751 ti-P- 
in the previous year. 



Glass and Optical Industry 

Kamalesh Ray 

Palit Laboratory of Physics, 
University College of Science, Calcutta, 


story of the discovery of j^lass is lost in the 

mists of anti(iiiity. The well-known Phoenician 
story is no longer believed as this I'cople is now 
known to have entered the arena of history after 
1500 H.C., while nieces of "lass have been found in 
the huN'esl strata of excavations (dated c. .^cX)0 B.C.) 
at the sites of ancient lv->yptian and Babylonian 
civilisali<uis that have hitherto been duK up. Glass 
is now supposed to have been melted first alx)Ut 
7(X)o B.C. Flinders Petrie says that art of gla/inj^ 
oil stone and stone-beads was known in I'gypt as 
early as I2,0(X) B.C. (Badarian culture). Itarly 
glasses were almost exclusively used for ornamental 
and decorative purpose, either in the form of I>eads 
or for figuring vases and cups, or for making mosaic 
figures by gla/ing with <iuartz jiowder as base. Glass 
has been found <iss<K*iated with ancient civilisation 
in Fgy])t, IT (Lower Mesopotamia), Syria, India 
and Cliini. Primitive people have also been found 
using glasses of volcanic and other natural origin as 
valuable jewels. 

Some of the Chiiuse glasses of anti<piity (about 
550 B.C.) have been found to contain barium and 
lead (flint glass). These have densities from .s’ 25 
to 5*25, and appear to have had refractive index 
higher than many of the flint glasses manufactured 
nowadays (see table Vila). Such dense glasses 
have small critical angle and give high surface- 
reflection, and it appears that this was the reason, 
why the Chinese glass-ornaments and .glass-gems 
were so iiri/ed in those da vs. Modern imitation 
jewels are also made out of heavy lead glass for the 
same reason. But the Egyptian ones, although 
mostly beautifully coloured, were not so glittering 
owin.g to their low refractive index. 

Early glass industry was, however, confined to 
melting and castin.g alone, glass-blowing appears to 
have been unknown till the beginning of the 
Christian era. Glass blowing appears to have Ixen 
discovered in Alexandria, the home of early science, 
about the first century B.C. It created a revolution 
in the industrial world. 


Composition of Gi.ass 

Glass approximates to the formula Na2O,Ca0, 
()Si(>.,», with much variation in composition, and is 
obtaincfl by melting together sand, S(xla and lime 
in dilTerenl proportions. Ordinary .glasses have 
nearly 70% sand (silica), 15% soda and 15% lime. 
It also usuall.v contains other metallic oxides to 
give specific properties or colours. Nature produces 
glass by volcanic or igneous action, sometimes a 
li.ghting may cau.se glass formation. Such natural 
glasses were very much valued as gems. The 
volcanic glass from Mt. Vesuvius was found on 
analysis to contain 5.VX» silica, 15% so<la, 3% lime, 
20% alumina, 5% iron oxide (givin.g deep green 
Cfdour) and the rest 4% other minerals. Another 
Mexican natural glass of volcanic origin showed 
7.i% silica, q% soda, y>.% lime, ^ 2 yi% alumina, 
etc. A sam]>le of natural glass from African desert 
formed by lightning striking on siind naturally 
contained very high proportion of silica. Analysis 
showed that it contained 07 /^‘X> silica, y% scxla, 
y 3 % lime, iK'% alumina and y% iron oxide. 

Gi..\ss Consumption in Indt.a 

Ancient commercial glasses were soft, that is to 
say, easier to melt and uork, as they contained 
much s^da which is a g(K)d flux for melting silica 
or siind. Fero/abad has lx*en reputed as the centre 
of glass industry in India from a long time, and 
even now it produces a large amount of soft glass 
for makin.g bangles, beads and other ornamentals. 
But India does not produce the fine glass which is 
.so widely used in the modern civilised countries 
(See tables I and II on the next page). 

Modern Glass Technology 

The present century has seen a large variety ot 
glasstis to suit the ever-increasing demands of 
modern civilised life. In this respect, the glass 
industry in India may still be said to be in a state 
of infancy. Most of the industrial works here pro- 
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tUice glass of poor quality for making blown and 
pressed articles. They are neither very transparent 
nor are they properly annealed to resist mechanical 
.iiul thermal shock. 


TABhK I 

Import ok (iI.a.sswark into Inoix 


Glassware 

Valuers in Lakhs of 
Rupees. 

1 


I932-3.V 1933-34 1934-35 


SI n et and Plate 

22-95 1 

21-20 

23-.56 

Sviintillc glassxvarv 

1-38 

1-16 

0-92 

l:,.Uh'S and phials 
l iinnels, globes and glass parts <if 

24-21 

20-88 

24-57 

iMtnps 

6-67 

.'^•05 

.■5-72 

J'.il)k-ware 

5-40 

5-26 

5-54 

lUads and false pearls ... 

12-35 

13-42 

13-04 

K.mgles 

39-89 

27-13 

31-07 

other glassware 

27-98 ^ 

26-19 

26 32 

Total 

140-84 , 

120-28 j 

130-75 


'I'lie kiU’.st av.'iikible lij^ure of total ini];<jrls lio\M;\*cr fell 
lo Rs. 125 lakhs in 1938-39; 


TAIUyK II 

OK (»I.XSS\V XK'C MXH i\ Indix, !iMr> 


Lakhs of 
Rupees. 


llengal 

I’liitotl Provinces 
Moiiiliav 

iViilivjj Provinces 
I’linjal) 
llvik rnbacl 
•Madras 


Total 


1500 
1208 
4 44 
P84 
1-49 
100 
0'72 

36-57 


W'c are here more interested in the finer types, 
chiefly, the plate and optical glasses. Unfor- 
tunately, in India there is not a single factory that 
can be said to produce optical gla.ss, and almost 
the same is the case with plate glass except 
the Pahjoi Plate Glass Works in U. P. Most 
the heavy plate or port glasses arc imported 
trom Fngland and Belgium, while, a large part of 
tile window glasses come from Japan. Before the 
last war, America had little glass industry worth 
mentioning. But U. S. A. has made wonderful 
l)rogress since 1919, and now the country stands 
supreme in glass technology. 

Prom table III we find the value in dollars 
per tonnage as follows: Germany, t8q ; Belgium, 
; United ' Kingdom, 98 ; U. S. A., gS ; 

6 


France, 59 ; and Japan, .;o. It is not that all of 
them manufacture the same (juality of glass with 
different values, (lermany produces most of the 

TABLK HI 

b^STiMATKD Production ok t.i.ass 


Country 


Year 


Prodiiclion I Muvibet 
{OOO’s omit till \ 0/ Csla- Xumberof 
in both bliah- l•:nl|>loyccs 

columns) j mcnis 


Mytric 

Tons 


Vnluc 

$ 


1*. S. A. .. 
Tnitcd 

1935 

2948 

Kingdom 

19.34 

775 

< ivrnninx- 

1935 

700 

Japan 

19.35 

500 

I'raiii-e 

1937 

476 

Belgium .. 

1935 

235 


283,925 

213 

67,100 

76.000 

12.5 

43.000 

132.000 

300 

85,000 

20,000 i 

6!M3 

23,866 

28.000 1 

147 

38,000 

25,000 1 

125 

28,500 


finest optical glasses of the world, and ihi^ fetches 
the highest value. Japan, on the other hand, pro- 
duces glass chiefly for making ordinary glassware 
of household use. 

The demand for glass goods in modern civili/a- 
lioii is very great, and the inceasing use in India of 
these goods has led capitalists to embark on glass 
factories and very recently some of the linns ha\e 
taken np the production of laboratory and neutral 
glasses. One of them (The Scientific Indian Glass 
Co., lyttl.) has been very successful in Bengal. But 
nol)o(ly has so far manufactured optical glasses. 
Recently, however, Bahjoi Glass Works, at U. P. 
has taken up a scheme for cx])erinienting upon 
ojitical glasses undc’’ the Board of Scientific and 
Industrial Research. 


CoMr*osrTiON ok SrKcnr. (H..\ssks 

The chief criterion for the prcxluction of fine* 
.tjass is the purity of raw materials lo be used in 
the batch. Among other iminirities, iron (in the 
form of o.xidcs) in the sand is very common and 
objectionable. This impurity imparls bluish green 
colour which is observed in the window panes. The 
colour is recognisable even when it is present in as 
small a proportion as 0 03 per cent. For making 
the crystal-clear tableware the blue lint makes it 
less attractive and less valuable. From the optical 
consideration, the iron cuts down the transparency 
which is a great factor among other optical require- 
ments. Ordinary window plate has a transparency 
(measured usually with 2 mm. thickness) of 
alx)Ul go% against 99% for optical glass which 
contains, less than o‘o2% of Fe/^. Some of the 
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iiiodcni ])latc r^lasst's liavc Iraiisparciicy approaching' 
that of optical glass, simv these have very small 
iron content ol the sand used. 

Tile percentage coini)osition given in the table 
I\’ are as calculated from the raw materials entering 
inio the batch. The chemicals are used in different 
forms, such as, Xa^O is obtained from soda ash 
Xa-A'll;., KJ) from pearl ash KXO;, or from 
nitrate KXO..,, ILO.., from borax and boric acid, DbO 
from red lead etc. M’he comjxjsitioii however is 
fotiiid to alter slightly when the final glass is 
analysed. Ihit the initial compfvsition is always a 
guide for the manufacture. 

TAHLI*: I\‘ 

i.Mj’o.sn i(i.\ jmi' Pi.viK wo oTiii'U (ii.\ssi:s 


69 per cent of transmission (2 mm. thickness) in tlu 
visible light. The lower transmission of plate glas- 
(uo% against qq% for “white** si)ectacle) does noi 
matter, provided that the plate is found to l)e fre. 
from strain when examined Ixftween crossed NicuK 

Opera glass, eyepiece, condensing lens, readiia 
glass, clasS‘exj)eriment leiise^, etc., can be easih, 
made with modern t)late glasses of the finer variet\ 
Idate glasses can be n.sed very well for reflect in. 
systems like small telescojiic mirror, arc light n 
fleeter, opthalmoscf)pe mirror, optical test plate etc 
The ])late glasses are usually so evenly aniiealee 
that telescoiie mirrors or optical flats are seldom found 
developing defective /.ones due to warping of tlu 
gla.ss even after a long time. 




Si(h 

Xa.O i 

AlgO 

CaO ; 

Al-A 

, FeO 

\K.J) 

Auhth-; 

in \\ indiiw 

71SJ 

14-27 

.F31 

S-0 

1-40 

0 07 1 

1 

i -■ 


in window 

72 2(i 

14-01 


. l.t .44 

1 42 



French 

w iinlow 

0905 

15-22 , 


13.41 

1-82 




1 window 

72 0H 

1.F25 i 

0-20 

; 12-70 

1-00 



Indi.'in 

blown 






■ ” i 


ware 

(average) 

74-00 

17-40 


(>-S0 



14 

Indian 

haiigle 








glass 


73-50 

10-50 


7-00 





The iron as impuritv may 1 k‘ ])resent in two 
forms, I'eO and h'eMO;,. The limit for ultra-violet 
transmission is determined by the content of ferrous 
iron giving bluish green colour which is common in 
window glasses, and it stops all light shorter than 
Ai^oA. On the other hand, ferric iron inii>ails 
yellow tint and has stnmg absorption in the near 
infra-red at about lo.oooA. The ])roi)ortion of the 
ferric iron to ferrous increases with the presence of 
arsenic or antinumy oxide. The cohiurs due to iron 
content of sand may be masked by a decoloriser, 
such as manganese or selenium, but this does not 
increa.se the total tian.sparency in any way. 


I'SKI'UI.MvSS <>!• Pl.ATK (jJ.ASS 

The quality of modern plate glass is excellent 
and is (piitc good even in the ojitical sense. Tn fact, 
the modern jflates are superior to the ]>re-war ojitical 
glasses, and may well be. employe<l for making 
optical instninieiils of average quality. Some of the 
field tcdescopes have grceiiisli glaSvS for their object 
lens (nsnally tlic double convex crown component) 
which i)rotect tlie eye from the glare of the .sun and 
open sky. The Crookes* spectacle glass (introduced 
by Sir William Crookes) contains iron and ceriiiiii, 
which Alter off the injurious infra-red and ultra- 
violet. The A-grade has 89 per cent and B-grade 


Pk(k:kss of Manuf.vltukk 

Plate glass is somelimes made in pots, in which 
case the melt is poured on an iron casting table foi 
rolling into sheets, or it is directly flown into laiL.. 
iMiwer-ilriveti rolkrs through which the plate flow- 
011 to a moving table liencath. But, for coninierci.ii 
efficiency, most plate glass today is drawn in cmi 
linnoiis sheet directly from a tank, and it pas-is 

down tile annealing tunnel (lehr) of proper tc'injiei.i- 
lure gradient. 

The best (jiiality oiilical glasses are iiiv.ariahK 

made in i)ols (capacity -i ton), a new pot luiii,. 

used for each melt. Optical glasses require vaiioiw 

essential features such as tran.spareiicv, honmgeneitv, 
freedom from strain, chemical .staliilily, various 
refraiigibilities and dispersions, etc. Among these, 
the transparency, as already mentioned, ilejieiKN 
upon the purity of the ingredients which is not 
difliciilt to attain. The thorough admi.xture of llir 
balcli-innterials ensures the homogeneity, i^tirriii' 
j)f the luell is also necessary, but the wall of the iml 
is a sure source ui iiilioinogeiieity. h'or this reas<ni 
the slirring of the inelt is never carried to l)ey(»iitl 
two or three inches of the wall. Ff the glass i> 
poured from the ixit for rolling, tlie streaks ol 
iiihomogeneity (varied refractive indices) ap])eai 
'I‘lie best (lualily is olilained by allowing the pnt to 
cool slowly and finally collecting the chunks, aflei 
breaking the pot, from the middle regions. 'Ihi^ 
increases the cost of production, but the (luality s<' 
obtained is excellent. The cliunks are then sawt-d 
into small slabs or suitable blanks for o])tii:ii 
grinding. 

The strain in gla.ss is removed or reduced I" 
a minimum by the iiroccss of annealing. 'IT. 
amount of strain is measured by the birefringence 
.separation of the ordinary and extraordinary kc- 
per centimetre of the glass. In optical glasses th*. 
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i)ircfring<-'iice should not exceed 5 m/* (1 ni/^ -* 10 * cm) 
.►L-r cm. of patli in the glass. On an average, for 
mosl glasses, a load or stress of 1 kg. i»er sj]. cm. 
(--i 4‘2 Ihs. per s<l. in.) lu-cxliiccs a hirefringeiicc of 
il)ont o’3 111//. So that a birefringence of 5 ni// 
.(irrespoiuls lo a stress of about 1(^7 kg. cin‘ or 
lb /in^ 

The annealing leinperalure is delined as that at 
,\hich the strain will decrease from infinity to in// 
ill two minutes. It has been f/mnd that the amount 
,,r initial strain d<K'S not affect the time at such 
(oialition. 


TAHIJ^ V 

\nM',ai.ino ami So 1 'Ti;ni.\<; ri'.MiT.K vrruiis 


(ihtss 


Aiuicalini'; | Softening 
“ i °t: 


durability (see Table VI), lowers the co-elficieiit 
of thermal expansion (Table IX) and ensures 
greater freedom from deviti iflcation. Potash lias 
also somewhat similar effect, while a small iiropor- 
tion of barium and iMuic >)xide controls the devitri- 
fication trouble to a considerable extent. Arsenic 
is used for refining and removing ‘seeds’ (small 
bubbles) from the glass. 


T\ItLl{ VI 

Ul SlSTVN’l ('iI.VSSi S 


Tvrex 

Jeii.i (lenitf 
Jia.i r.cr.'ite 
lire.'ikti* 

Jen. I Superni.ix 
Rfj-ista .. 


ffi i 

'“i 

i 0 ' - 

S' i 

% i 

u i 

80-5 

12-9 '3 os 4 0 ... 

... |2-2 

76-3 

7-6. 5*7 0-8 ... 

M i6-2 

64 -7 

10-9 7-5 0 37 0-21 

0 63 4-2 

57-41 

23-6 1-9 0 5 s-7 

4-7 3-2 

1-3 ' 2-5 

75-3 1 

15-8 3-4 10 ... 


10-9 ()-2.s 


l;Mrisilienlc* Crown (eonipositioii, 

r.il)h- VIII) ^ .. I 495 

I lowil {.'H^prox. 'I.ilile \'Iin j •'’73 

( inliiiiirv Silicate I'liiit ('falile \'II1) ! 110 


. 5 (i 5 

659 

4‘K) 


The chemical stability of glass is achieved by 
the determination of projier iiroixiition of the 
iiiL-re/lieiits. In general, the most effective flux for 
silica (in the form of sand) is soda, XaoCOr,. But 
too much of soda makes the glass chemically less 
stable. Ijme (CaO) on the other hand makes it 
more durable, but high proportion of lime results 
111 a glass hard to melt, and leads to devitrification 
(sijiaration of cry.stalline compounds in the glass). 
If devitrification takes place, the melt is ruined. 
I Vviti ill cation is the chief factor which limits the 
coMijiositi/m range of practical glasses, and if there 
lie any error in composition or techni<iue, this takes 
I'lace (juickly. 

A small inoiiortion of alumina (AlA)..,) removes 
citain difficulties. It gives heater chemical 


Ol'TICAC ANJ) OTIIKk Pk'oCKKTlKS Ol- (ICXSS 

The versatile optical jiroperties of glasses arc 
secured by the different proportions /if the ingre- 
dients. Borosilicate glasses have low refractive index 
and dispersion. Crown glass, which is e.sseiitially of 
plate glass varitdy, possesses lhe.se Nalues to ;i 
greater cxteiii than the boiosilicate, but to a les.Ser 
extent than thost? of flint glass which has the hi.ghest 
index and dis]>ersion. hlint glass owes its high 
index and dispersion to its high Ka/l (PliO) content 
which, on the other hand, hiweis the transmission, 
especially on the short wave si/le. 

Apart fr/nn actual absorption of light in the flint 
glass, the surface reflection is also greater due to its 
high refractive imlex. This is why lead glass is 
preferred in the art of glazing and in making table- 
ware, and is also used for making iiiiitati/ni stones. 
For normal incidence, the propoition of refleite/l 
light is given by U j (11 1) (ii- i)j^ or in per- 

centage, R%-ioo |(n -i)/(n ! I 1 “ where 11 -refrac- 
tive index. 


TMMAi Vll (a) 
Optica/, 1 K/ipRKTirs 


I'iU'toyy 

number 


Class 


Mean dis- | 

Density nD persion j 

«/.' »!(■ 


• Partial Dispeii^ions 
I) 1 - 


3484 
91664 
110061 
605 
3463 
4277 
VI 736 
361 
4141 


Ikirosilicate Crown 
Do. 

Crown ...- 

Hard Crown 
bight Barium Crown 
Tole.scope Idint 
Dense Plint ... 

Do. 

Kxtra Dense Flint . 


2-40 

2-53 

2-44 

2-49 

2-90 

2- 67 

3- 59 

3- 63 

4 - 47 


■4980 

•00763 

■5164 

(MKS08 

■5002 

■00822 

■5175 

•00856 

■5407 

00910 

■5237 

01003 

6173 

•01691 

■6214 

■01722 

7167 

•02430 


65-3 

00227 

lU-9 

00245 

60 9 

00242 

6l>-5 

•00254 

.S9-4 

■0026S 

52^2 

00205 

36-5 

■004S6 

36- 1 

•00491 

295 

•00686 


•(M)536 

00425 

•00/ 163 

■004.S6 

•(M)5S0 

(H)504 

■0(M)02 

■00484 

•00(it2 

•00517 

•0070S 

•00.S77 

•01205 

•01031 

•01231 

■01041 

•01744 

•01511 
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TABLK VII (b) 

C'oMi'usrrioN of Gi..\ssls in Taiu.k VII (a) 


Factory 

Number 

(Hass 1 

SiO, 


Na ,0 

KJ) 

CaO 

Bao 

ZtiO ; 

PbO 

\\,0, 

A 8 , 0 , 

3484 

B.S.C. 

.S 9-5 

21-5 1 


14 4 

03 


2-3 


1-9 

01 

111664 

n.s.c. 

70- 1 

i ()-7 ; 

1602 

■ • 


2*84 





J 30061 

0 . 

73 63 


19-91 


4-76 




0-64 

0-36 

605 

H.C. 

69 6 

1 


18-4 

11-5 




0-3 

0-2 

3463 

b.H.C. 

57- 1 

1-8 1 


13 7 

0-3 

26-9 



0-2 . 

01 

4277 

T.F. 

52-4 

18-3 

2-3 

1 4-3 

0-3 


• •• 


1-9 

01 

Cl 736 

T).F. 

46- 15 


8-4 


0-52 



‘47-7 


0-23 

361 

D.F. 

4 (v 3 


5 0 

11 

0-3 



470 

0-2 , 

01 

4141 

E.U. 1 \ 

251 ' 



2-8 

01 



61 '8 

01 , 



Glasses Hr(76.>i, H(X»6i and 01736 are iiianufac- 
tiucd by the French coini)aiiy Para-lManlois, and the 
rest by the Chance lirothers 8: Co., Ltd., Knj'land. 
H(>n6i contains also 0*7 per cent, of fluorine. C, D, 
F, G' lines are respectively 6563, 5S63, 4S61 and 


4341 A. 


nil- I 
nF - 


the ultra-violet side of the spectrum. Cerium im 
parts pale amber tint to the .tjlass, and is used to 

TABlvK IX 

C\)-i;FFicn:Nr or TirKRMvi. Expansion 
Glass %Plteg!c Composition 


The following table gives the composition of 
some of the glasses made by Schott and (ten. of 
Jena. 




T.\HbIC 

0 

VIII 

0 

0 

Olein 

Glass 

.3— 



W 

CU 

U 

a ! s 1 J 







• ■■ 

Horosilicate 

Crown 

68-1 

3-5 

50 



... i ... i 5 

Crown 

; 74-6 


90 

ii -0 

50 

... i 43-8 1 ... 
... 1 46-6 ! ... 

Silieate flint 

' 46-6 


1-5 

7-8 


Silicate flint 

' 44-6 


0-5 

80 



Horosilicate 

TheriiKiineter 

72 0 

20 

i 110 



iii i iii 1 sio 

Normal 

Therinonieter 

1 67-3 

20 

! 

: 140 


7-0 

1 

7 0 ... ! 2*5 


Pyn*.\ 

Jena Gerate beaker 
n. S. Thernioiiicter 
Normal ,, 

Ji.S.C. optical 
D.F. (nD = l-62) 
IMate (ilass ... 
Crown Optical 
Commercial Glass 


6-6 

GO 

80 

90 

9-7 

100 

10-8 

10-5 


Tfibk; IV. 
Tabic VI. 


Average. See 
Tables 11 and V. 


make the glare proof spectacles commercially known 
as the Crookes’ glasses. We have in Travancoic 
(south India) monazite sands* containing a higli 
proportion of cejiuiii, thorium etc., which is 
exported to other countries in large tiuantities c\er\ 
year. The alanite deposits near Ranchi an<l 
Furulia also contain high percentage of cerium. 


Horosilicate thermometer glass has (juite low 
thermal expansion (6 x io’<' cm. per ‘^C), but tl\e 
'Normal* (8xio‘^) is more extensively used. The 
expensive behaviour of the latter has l:)een .studied 
thoroughly by Kee.som and others at the Leiden 
University for low temperature work. 

Colour, as already noted, is particularly avoided 
in optical glass, except for some special purpose, such 
as, spectroscopic filters, photographic sky filter, 
CrtK>kes’ spectacle glass, etc. The transmission 
characteristics of a glass are due to the metallic 
oxides in the glass, such as those of copper 
(giving blue colour), cobalt (violet blue), nickel 
(brown), manganese (purple), iron (green) etc. 
The.se show strong and broad absorption bands, 
while rare earth oxides give us narrow bandy towards 


Dkwani) and ScDPii FOR OmcAi, Industry in Indi\ 

It appears that the raw materials ncces.sary l<> 
make varieties of optical glasses are available in tlii^ 
country. But only two of them (Crown and Flint 
approximately like Nos. 605 and 361 of Table VTD 
may make large varieties of achromatic instruments. 
An optical factory can very well run with these t\V‘) 
types only. 

Optical glass is one of the key materials ei 
civilisation. The demand for optical instruments i'' 
ever increasing, and is indispensable in the scientibc 

• See article Thoria from Monazite Sands in vScikm'i. 
#ND CuauRB, 6 99, 1940-41. 
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world. ITiis is now recognised as one of the essential 
oleineiits in modern warfare. India has no optical 
industry of her own and she has to indent optical 
instruments at exorbitant price from foreii;ii 
eoiintries. 

Regarding the manufacture of optical instru- 
ments, exi>erience wiJl show that the construction of 
the optical parts (lens, prism etc.) are far easier than 
to mount them up in the form of a complete instru- 
ment. A few examples may be iiickcd up in order 
to support this statement. 

Let us consider, first, the construction of a photo- 
graphic camera. A pair of achromatic doublets will 
make either a ‘PetzvaV or a ‘Rectilinear* photo- 
graphic system, oi>ening ui) to f/4‘5- "fhis will 
make (jnite a rapid camera, and the price will run 
to sonic three figures according to the size, shutter, 
stop-diaphragm, release, film seat and other features. 
And the.se details mean the maintenance of a good 
mechanical workshop etiuipiied with precision 
machines. There is little trouble alx)Ut the lenses, 
for, when the computation is complete in paper and 
j)en, they can be got ground up perfectly well by 
ordinary cheap lalxnir. 

'fhe usual achromatic lenses and tirisms for 
binoculars and field glasses can be made in lots by 
ai ranging the blanks on a suitable large runner. 
I'hc casing and the fitting pnrts have got to be cast 
and machined in complete details. 


The larger telescoinc lens, even when it is only 
a doublet achromatic, sells at c.xccedingly high 
jirice. The price of a well- corrected 6-inch achro- 
matic f/i6 telescope objective (residua) spectrum 
spreading not more than 1*5 - lo'^f) goes above a 
thousand. Hut a detailed e(iuatorial mounting for 
the telescope is more difficult to make and is more 
costly too. In this re.specl, niicn)Scoi)es of low and 
medium ]juwcrs are easier to make, and this instru- 
ment has probably a wider market. 

Kxcei)ting socctacles, other optical instruments 
have more or less elaborate mechanical parts. 
Mechanical worknianshii», Imwever, can be obtained 
here and the manufacture of optical instruments can 
Ih‘ made a successful venture.'^' 
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Stilbestrol-induced Gynaecomastia in the Male 

.\\ti;kmij,v riLViirrin.^ oLslroi^eiiic sii]).staiitvs <)r 
oeslio.iic'iis sliimikitL' llic giowlh i)t certain tissues, 
(jiic of which is the breast tissue. When adininisler- 
eil ill siiJTicienl quantities, it lias been proved to 
tleiaess certain liiiictioiis of the anterior IoIjc of the 
pituitary gland, specially in the production of growth 
and gonadotropic horiuones. Dunn (Jai. J. Obsl. C’r 
(•yncc., JO, i8u, produced develoiaiieiit of 

breast in males and immature females by injection 
ol natural oestrogenic substances. Dunn has recently 
studied U- -i-i the action of 

the svnthetic oestrogen, stiliiestrol, in a male sexual 
ciiminal aged ^7, convicted with a seven year history 
of reijcatcd sexual olYeiices against minor females, 
'riieiv was abnoiiiially high urinary excretion of 
aiidiosteioiie (testes hoinioiiej and the goiiadotrojiic 
l)iincii)le ol the mine of pregnant women. The in- 
dividual had an abiiorinally large tieiiis and oversize 
testes. All these suggested an anterior pituitary 
gonadotrojiic hyiieractivity. The individual was 
given 5 mg. stilbestrol daily for sixty days and on 
alternate days for another period of thirty-six days. 
Total amount of stilbestrol administered was 4«So mg. 
At the end of ninety-six ilays it was observed that a 
hard lirni mass, b cm. in diameter and 2*5 cm. thick, 
had devehiped under the nii»ple in both the breasts. 
Stilbestrol also delinitely inhibited the hyper-sexual 
state, 'rile penis and testes W'eie reduced to two- 
thirds of the previous size. No libido was found and 
on masturbation no seminal lluid was ejaculated. No 
toxic manifestations were observed even after the 
administration of high doses of stilbestrol. 'I'liis 
shows that this synthetic oestrogen is as active as 
the natural oestrogeiis and may l)e substituted for it. 

S, B. 


Allej^ed Hepatotoxic Action of Stilbestrol 

STTi.niiSTKoi. is now l>eing used in jilacc of natural 
oestrogeiis because it is as iioteiit as the natural sub- 
stance and it can be administered per mouth. Most 
authors however have observed that patients usually 


stiiTer from gastrointestinal distre.ss, principallv 
nausea after taking stilbestrol. Huxtoii < / nl (J . J. 

iij, 2.^8, iMacHryde at al {]. J. M. A., 

iij, 2J20) and vShorr ct al {J . . 1 . M. A., iij, 2 jij, 
10.^9) have observed skin eruiitions, lassitude, head- 
ache, and jisychosis in the patients. 'Hiey are also 
of opinion that this ilriig has inoduced liver damage 
in stilbestrol treated iiatieiits. Freed cl al (./. A. M. 
A., nj, 2264* HMo) studied the effect of stilbestrol 
in menopausal women some of whom showed liver 
dysfunction. No toxic manifestation of stilbestrol 
in livers of these women receiving 5 to 10 mg. stilbes- 
trol daily was obsei veil. W’heti tested in rats or dogs 
no cellular damage in liver was observed even when 
a large i|uantity iA tile drug w’as administered. No 
toxic action was observed in a case convalescing from 
acute hepatitis, ('lastio-intestinal disturbances wen- 
observed in 20 per cent of the cases studied. 

N. 


Snake Venom in Coronary Thrombosis 

To give relief to a case of coronary thrombu.sis 
tile only useful duig which we possess in our 
armamentarium is nioriihiiie or mortihine derivatives. 
Morphine is a habit-forming drug and the continued 
Use of this drug may lead to this danger of habitua- 
tu)n. Macht (Ann. hit. Med., 11, 1824, 19:^8 ; Nlaclit 
cl al, r.oc. Soc. b'.xfK Biol, cf Med., .ji, 418, iQ;y.)) 
studied the effect of cobra venom in certain painful 
conditions and suggested its use in the relief of those 
sulTering from repeated attacks of cardiac pain. He 
stmlied the physiologic, pharmacologic and irsycholo- 
gic elTect of cobra venom {Broc. Nat. Acad. Sci., 22, 
()i, i93()). The drug acts upon the higher nerve 
centres to produce its analgesic effect and unlike 
morphine it is neither habit-forming nor produces 
mental depression. Recently Parsonnet cl al (Am. 
/. .Med. Sci., 200, 581, 1040) succe.s.sfully treated live 
casc.*s of coronary thromlx^isis with cobra venom. 
Pain was relieved with adequate doses of cobra venom 
and no untoward symidonis were observed. 


S. B, 
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Addins Nutritive Quaiities to Flour 

To avert any calamity due to food slioiiaiic and 
l)lockadc tile Hritisli government has planned to 
fortify while flour with crystalline thiamin. The 
British ('lovernmeiit has thus recognised the neces- 
sity of sui)plying vitamins as well as luilk food for 
whole poiuilation although ('lermany, according to 
Ih'ofessor Drummond, had started to do it earlier. It 
is reported that the American manufacttirers have 
voluntarily adopted such a t)lan. There are oth*.i 
I’hemical deficiencies ram|)aut among our i)eople. 
'I'liey resuU from living on refined fats, carho- 
liydrates, milled eereals, etc. 'I'hey can he made up 
by very small amounts of rihoflavin and nicotinic 
icid. 

When the Millers’ Xational I'ederatidii recom- 
mended some time hack vitamin flour to correct 
nutritional deficiencies of the American people, the 
ilirector of resean'h for ('icneral Mills reluctantly 
-aid that this great public health step was unprac- 
lical, because of the proliihitive cost of pure thiamin. 

The production of the first gram of pure 
tliiamin, about one thirtieth of an ounce c»ccurred 
only four years ago, and was a terrifically com- 
plicated chemical process. M’he first ('ommeivially 
«|Uoted ])rice of this key life ehemical was u 

gr.iin. But, just as the millers rose to the challenge 
(if the physicians, so in turn Mie chemical industry 
roM- to the challenge of the milUas. A gram is now 
to be had for oS cents. And when chemical industrv 
swings into mass ])roduction, it is ina.slicted that the 
cost will droj) to 1.1 cunts, ^rakeii in tiny daily 
(loses, a gram is an average person’s supidy of 
thiamin for a whole year. Xicotinic acid however 
jiiesents no in'ice problem. In three or four month'^, 
probably riboflavin will also bi* prodiK'ed in ciuaiitity. 
h'veiitually, when industry goes into mass iiroduc- 
tion, these three life chemicals will be added to 
Hour at no a<lditional cost to the consumer. 

The supercharged flour will not only rest(»re 
to bread the chemicals hitherto milled out, but w'ill 
carry an extra ration to help allay our hidden 
vitamin-luinger. The Reader’s Hij^est writes that 
Invad will again bei'oine, in truth, the stall of life ; 
and will correct gradually the systems of chronic 
famine. 

J. II 


Scientific Board for Calcutta Corporation 

tlx the occasion the opening of tlie Central 
AnalytiQ'al Laboratory of Calcutta Corporation (see 


5*^7 

page 472 of the h'ebruary Kj.ji issue of v^cii-NCK and 
Cui,TURKI the Mayor made a detailed analysis of 
the various probknis confronting the city councillors 
and suggested the imi)eiative necessity of. a numbei 
of scientific advisory boards. W’e are glad to rei)ori 
that pursuant to a resolution of the Corporation a 
tentative scheme has been prej^ared now regarding 
the organisation of a Scii-ntifie and 'rechiiieal Advi- 
s(.>iv Board with a numbei of constitueiil com 
initlees. The suggestion put forward and rec(jm- 
mendati(;ns made by these committees will be 
co-ordinated by this Board, which will frame final 
proi)osals for e( nsideration by the Corjxnation. 

The Mayor points out that pi'oiwised personnel of 
the Board and of the committees have been drawn 
from younger men in the scientific S])here of Calcutta 
with a view’ to utilising more of their energy and time 
in the day-to-day work of these bodies. Besides the 
existing Mos .nito Contn.)l C(mnnittee and Water 
Supply Advisory Board, seven committees h.ive been 
]iroi)osed. These are (i) committee for the care of 
the sick to go into the (juestion of {i} hosjnt.il accom- 
modation in Calcutta, (//) isolation in infections 
diseases, {Hi) outdoor treatment, and {iv) provision 
of diagiK'slii' laboratory service for medical treat- 
ment ; (2) prevention committee to consider (;) the 
whole svstem of preventive inoculation in the citv, 
and (//) suggest measures for its iminoveinent and 
exi)ai]siou ; (;>) maternity and child-welfare com- 
mittee to deal with the (lUestion of maternity and 
child-welfare of the city in all aspects ; (p sanitation 
coinmitlee to deal with and suggest measures of 
impn.vemeiit concerning (/) the (piestion of keeping 
streets clean, (ii) the system of collection, transiiort 
and disposal of refuse, (Hi) the ))roblem of drainage 
and river pollution, (h) the (lUestioii of biistees and 
(r) .suggest al! measures concerning these ; (5) physi- 
cal fitness and recreation committee to deal with the 
(piestion of improving and using the juiblic i^arks 
and the inaidan for t)Uiposi‘s of mass drills, gymnas- 
tics, etc., and to suggest measures for the iiroinotion 
of the health and joy of the children and sclu^ol- and 
rollegc-going populalicm ; (o) food and nutrition 

committee to deal with (/) the sui)ply, ] (reservation, 
transport and distribution of pure foodstuffs in the 
('ity, (ii) the effective pri^veiition of adulteration of 
any kind and (Hi) the tiossibility of running commu- 
nity kitchens and ctanmunitv restaurants in accord- 
ance with modern nulrition principles both for school 
children and for the juiblic ; (7) education committee 
to deal with the (pic.stion of (/) providing educational 
facilities to the poorer children, (//) .suggesting means 
(»f init>roving the standard of education, and (///) sug- 
gesting mean.s of providing technical and V(K'ational 
education, ])articularly through evening institutions. 



Conquest of Kala-azar 


[Tsk ok Antimony in tmk TkKvtmknt ok Kal.\-\zak 

TN" tlic Middle A.ucs (15II1 -17th ccutiiry) the 
“** eleineiU anlinioiiy (I, at. vStibiniii) canic to have a 
wide refuitatioii as a universal i^anacea for all kinds 
of diseases. Probably the reimlalion had its origin 
on genuine ob.seivatitins, but was pressed loo far. 
Wine cups made of anliinony had a considerable 
vogue. Wlien wine was left, in there for sonietiine, 
the tartar in the wine api)arenlly tH)mbined with the 
oxide in the eup sti as to form tartar emetic (a double 
salt of tartaric acid with {)otassium and antimony). 



Antimony C'.iji' 


The illustration shows such a enj) with the (lermaii 
inscription “Thou art a wonder of nature and all 
men’s certain cure”. Tndlscrimiuale use (jf such wine 
cups Ijy monks sometimes c*ausod mysterious diseases 
very often ending fatally. It is thought that from 
the high mortality amongst monks, the element came 
to I>e known as hAntimonk’, later corrupted to 
Antimony. Pefore the introduction of antimony 
trcatincnt widely different methods of treatment of 
kala-a/ar were tried from time to time but without 
any success.* As a matter of fact, none of the 

* l-or earlier arlieles and an aeeoniit nf these treatiiieiils 

see SciiiNCK Asn t'la.TiiRK, Vol. 5, Pp. 543, 622, 1939^0. 


remedies sugge.stcd could reduce the death rate frf)m 
the disease to less than gS per cent., and the attempts 
were merely gropings in the dark. Modern scieiKN 
came to the aid of the phy.sician only in igr.s. 

Turning to modern times, a Brazilian doctor, 
Vianna, re])orted in igi^ to have cured the S<mlh 
American form of cutaneous and mucous leish- 
maniasis by injecting tartar emetic intravenously. 
This disease appeared in the form of ulceration of 
the skin of mucous membrane due to parasites 
allied to Leisinan-Donovan bexlies, which are the 
causative organisms of kiila-azar. Di Cristina and 
Caronia of Sicily also recorded the successful 
use of tartar emetic in infantile kala-a/.ar of 
the Mediterranean basin (igi.s). A little later 
Rogers in Calcutta (1015) obtained fav'ourable result'- 
in a number of kala-azar cases with intravenous injec- 
tion of tartar emetic. Rf>ger.s claimed that he had 
found out the remedy without ]>revi()iis knowledge fd 
the work of the Brazilian and Italian doctors. 

Tartar emetic administered intravenously un 
doubtcdly proved to be more succeSvSful than otlie; 
dnigs but extended use by Rogers and other physi 
cians revealed eertaiu very serious defects, bet le- 
dcscril>e the ilefects of the tartar emetic trcatmenl, in 
the words of Rogers himself. 

"Stdulions of potassium or scxlium aiiliiuonyl lari rati 
do not keep wvW especially in a lnj])ical climalc, and tin 
salts are readily decoj.iposed, especially hy bacterial conta- 
mination when very toxic suhsluiices ap|H’ar to be prodiicdl 
and form a fine preeipitato.” 

Further, he “recorded accidents resulting from 
solutions sterilized in the autoclave in the hot, Inimid 
rainy season in Calcutta, llirough repeated puncturi-s 
in the niblxT eai)s in taking up the dose. Very serious 
toxic symptoms appeared within a few hours, and 
even terminated fatally”. 

Xapier of Calcutta vSehool of Tropical Mediciim 
(1027) also noted that among other complications 
produced by tartar emetic injections may lx men- 
tioned coughing, vomiting, piieiiiiionia and lung 
ctnn plications, aggravation of kidney and bowel 
complications, joint pains, eruptions, very marked 
slowing of the heart and very sharp reactionary rise 
of temperature. 

In addition to the alK>ve observations of indivi 
dual ol)servers. mass ol)servations on the harmful 
effects of potassium and sodium antimonyl tartrate 


March, 1941 


Medicine and Public Health 


529 


treatment are also available . The province of Assam 
was widely affected by kala-azar and the provincial 
('.overnment made large-scale experiments with 
various drugs claiming to l>e useful remedies of the 
ilisease. The following observations of Major 
Miirison, director of public health, Assam, regard- 
ing potassium and sodium antimonyl tartrate, there- 
fore deserves attention. 

“The treatment of the disease in As^.aln with tartar 
einetie began in 1919, wlien only a comparatively small 
iiiiinber of cases were treated. It was ^ooii realiseil that 
ihis drug was not without its dangers and it was soon 
rvplaeed hy sodium antimonyl tartrate, which was found 
much safer and gave much more satisfactory results". 

The .sodium antimonyl tartrate referred to 
abov^e was first introduced by Dr (now vSir) U. X. 
Ihahmachari, then teacher of medicine in the 
Campbell Medical School, Calcutta. Hut though in 
cerlain resi»ects, it proved better than the potassium 
>alt, it had its own defects. These are described 
vividly by Murison : 

“.Mthoiigh ircatnicni with sodium anlinuMivl tartrate has 
been very successful, it has the disadvantage of being long 
,ind tedious. Treatment is therefore difficuU to enforce, as 
patients who have hccii completely inca])acitalcd hy the 
disease, ini])rovc so considerably after a few injections that 
they <liscoiilimic trc.itniciit or attend very iiregularlv'. This 
iiTi'gidarilv makes it very difllcult to effeel e(un])lete cures. 
Ill spile of the legiilalions in force under the h'pidcniic 
Diseases .\cl to eninpel patients to undergo a complete 
eoiii.se of treatment the eaiiipaigii again.st kala-azar in 
.Nss.'iin was greatlx handicapped by the large nuinlier of 
patients who are stopping treat iiie.ut’’. 

“It was felt that the above diffix’ulties vvnul«l be still 
further overeotne if some drug could he introduced which 
was not only as eHieaeious as sodium antimonvl tartrate hut 
took a nuieh shorter time to effect a cure”. 


H.RMIM \C1I \Rl*S CllKMO-TirURMTOTlCAT. RK>tK\RCIIKS 

Tliis observation would convince anybody that in 
spite of the efficacy of potassium or sodium antimonyl 
larlrate there were dinicultics in their mass applica- 
tion against kala-a/.ar as has been done in recent 
years. Kven until two centuries ago use of anti- 
mony remedies was banned by the medical faculties 
Haris and Heidelberg on account of many evil 
effects. Probaldy history would have repeated itself 
■md antimony treatment of kala-azar would have 
bdlcii into disu.se if more extended chcino-therapcuti- 
‘-d researches, culminating in the discovery of 
<a*ganie antimony conii)ouiids i>roclucing non-toxic 
effects, were not undertaken. We shall now .give a 
short account of these chenio-lherapcutical researches. 
A large portion of these cheino-therapeiitical re- 
searches vva.s done by Hrahinachari under great 
'lifliiculties. 


In carrying out the self-imposed work, Brahma- 
chari showed a single-minded devotion to a problem 
followed by dogged tenacity. No proi>er laboiatory 
facilities were available to him at the time and he 
had to carry on his researches in a small room with- 
out a water tap or gas i)oint and lighted by a 
kerosene lamp at night and often in the midst of 
troubles and dinicultics from many (jiiarters. 


Mktai.uc Antimony in a st.xtk oi' iunk sub-division 
AND Coui.oiDAi. Antimony 

H.raliiiiacliari first tried inorganic antimonials in 
the treatment of kala-azar in the lios])ital attached to 
Canii)bell Medical School. Some succe.ss attended the 
use of metallic antimony in a slate of line sub-division 
hqi.s) and of colloidal metallic antimony (1016 a). 


A 



I’llOToMlCROliKVPH 01' SPI.KKN OK \ "Moi S'-'. INVl VTlvD 
WITH /.cishniiinJa-PonOi^iini Vorty-i.k'.ht IIocrs 
AI'TI'.R I-NTKAVKNOrS IS’JI.CTIO.N' OF AD'i’ALl.lC 
.\XTlMO.\V. 

\. Ct ll cont.'iiiiing leishniania, hul no particle.s 
of aiiliinoiiy. 

B. Cell with faijilly ‘Claim'd vvlopl.isni contain- 

ing k-ishniaiiia and a few particU*!> of 
antimony. 

C. Cell containing coarse granules of antimony 

and leishinania, r.otne of which appear to 
be degenerated. 

(Reproduced fumi paper bv Ihalnnaclmri ainl 
co-workers published in the fmn factious of the 
Koval Sociclv of Tropical Medicine and Hyfiicne, 
Yo( NXIII, No. 6, April, 1930.) 
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The eflRcacy of metallic antimony was at first esta- 
blished from their effects on i)alicnts but later experi- 
ments on animals K*'ive more direct proof, it bein«: 
found that the particles of metallic antimony when 
injected intravenously were picked up by those cells 
in the spleen that harboured the parasite of kala-azar 
ami they caused a speedy and complete destruction of 
the parasites. 

The advaiita^^e of metallic antimony treatment is 
that the number of injections necessary to briiij* 
about complete cure is only three or buir. But the 
chief disadvantage is the complicated technique of 
the operation of the injection which stands in the 
way of large-scale treatment of the disease. The 
use of colloidal metallic antimony had to be given 
u]) as it was observed that it was not very stable. 
The difficulty of ])reparing the .same on a large scale 
and the larger iiiunber of injections necessary to 
effect a cure were additional di.sad vantages. It may 
be mentioned that colloidal antimony and metallic 
antimony in a state of fine sub-division were not 
available in India when Brahiiiachari first inlroduce<l 
their use here. Brahiiiachari pre”>arcd colloidal anti- 
mony by u.sing a special techni<iue (iqi6 b) and his 
l)reparalions were found to be more stable than 
Svedberg*s colloidal preparation. Metallic anti- 
mony in a fine state of sub-division was also prepared 
by him in India following an earlier method of 
Pliinmcr (1911). 


ORfUNIC PKNTWALKNT ANTlM(>NI\r,S 

The difficulties and disadvantages of the various 
mctliods of antimony treatment of kala-azar induced 
Brail in achari to turn his attention to the study (»f 
organic antimonials. The great success of the organic 
arsenic compound atoxyl — 


So Brahmachari argued that an antimony com 
pound similar in constitution to atoxyl obtained 1)\ 
replacing arsenic in atoxyl with antimony would 1 k^ 
specific against kala-a/ar. He considered the proces 
to be quite feasible as both arsenic and antimoii\ 
belong to the same group in the Periodic Tabh 
Preliminary ob.servations on tlie preparation aiK 
therapeutic properties of such a compound, vi- 
sodiiun salt of /?-stibanilic acid which is atoxyl wit;., 
arsenic replactxl by antimony, was first commiuiieatc( 
by Brahmachari in igiQ to the Indian Research Fuii.l 
Asswiation. They gave him financial aid to can\ 
on a large number of experiments with salts •.! 

yOH 

/)-.stibanilic acid — Nlla^ ^Sb — O 

It is to be noted that this acid is similar l.» 
arsanalic acid, the sodium salt of which is atoxyl 
Arsenic has been replaced by antimony. Most of 
these salts when used for intraiiiiiseular injeelion 
were found to be good specifics against kala-tiz:ii 
but the injections proved to be too |)ainful. 


DrSCOVKRV OF IJRKA i^TlIlAMINK 

Attempts were therefore made to synthesize m 
salt which would produce no painful effect. 11- 
had to carry on a large niuuher of experiments willi 
various salts and ultimately led by the knowleilge 
that the presence of urea in certain salts, c.g., in 
quinine urea, produce anae.sthetic properties, Ik- 
first syiithcsi'cd the urea salt in igjo. This is the 
story of the discovery of URKA vSTJuamim;, 


NH 



^ONa 

As= 0 , 5H,0 
'^OII 




/OH 

Sb= 0 . 

'^OH 


CO(NH,), 


used first by Khrlicli in the treatment of sleeping 
sickness, gave Brahmachari the inspiration that some 
similar organic compound of antimony might he 
found which would prove to be an ideal cure for 
kala-azar. 

The reasons for this belief were : 

(1) the fact early noted by ^^auson that the kala- 
azar ] parasite was similar to that of sleep- 
in sickness, and secondly 

(ii) that metallic antimony undoubtedly was 
poisou to the kala-azar parasites. * 


the urea salt of /?-stibanilic acid. The discovery is not 
certainly accidental, as .sonic people .seem to think 
nor was it so easy as might appear from the slmvt 
description aliove. If a record of the large nuinhei 
of experiments carried out by Brahmachari between 
the years 1915-1931 were kept, the drug finally dis- 
covered might have been described by a figure ol 
three digits following the popular (*erman practici- 
The curious reader will find an account ‘>1 
some of these experiments in Brahmachari *s Kah- 
azar : Its Treatment (Butterworth & Co., Calcutta. 
IQ17 ; 1920). 
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Thkrapeuticai. Observations on Urea 
S riBAMiNK Treatment 

Shortly after the discovery of urea stihainiiie in 
i()2o, the drug was administered by Hraliinachari on 
patients in the Campbell Medical Hospital, Calcutta. 
'I'he results justified his expectation, and this 
encouraged application of the medicine on a mass 
M'ale by Brahniachari himself and other medical 
men. Actual records of a large number of cases in 
llie wards of the Calcutta Medical College Hospitals 
under different physicians in 1923 showed that the 
disease was* radically cured in Ihree weeks after 
injection of 15 gins, of urea stibamiiio. 

The most exhaustive observations were made 
l,y Major Shortt (1923) of the Indian Medical 
Service, Director, Pasteur Institute, Assam, and until 
\ery recently professor of protozoology in the 
I.oiidon Schooi of Tropical Metlicine, and Dr R. Sen. 
'I'heir observations are quoted more or less in full : 

“(a) ToLcratuc to the drug. Even in those putientji to 
whom the. largest total giinntity of urea slibaininc 
was exhibited no syiiiptoiiis of itiluleraiu'e 
appeared. The largest (quantity adiniiiihteTed to 
any ease was over 5 gin. 'Ihc result was in 
marked contrast to tliat obtained wilh the. usual 
antimony salts, where, in a large percentage of 
easej», symptoms of intolerance, in the form of 
joint pains, etc., appear after greater or lesser 
amounts of the particular sail in use. 

(O) Amount of urea stibaminc and time tcquired foi 
sterilization. This \aried witli the severity and 
previous duration of the case. Uiic<mi plicated 
cahcs of average severity, especially if of recent 
origin, were usually cured by 2 gms, of the jire- 
paiation. Administered on alternate days, this 
repre.seiited a period of about twenty days. A 
few cases were cured more rapidly. Long stand- 
ing cases and some with very acute infections 
of the fulminating type took a longer period and 
larger total quantities before .sterili/.ulum was 
established. Several of the cases were those 
which had resisted completely treatment by 
sodium and potassium aiitiiiiouyl tartrates, yet in 
no single case did the authors fail to prtxzure 
sterili/atioii by tlic use of urea stibamiiie. 

(c) Absence of Local irritation. Urea stibamiiie in- 
jected subcutaneously produced little, if any, 
local irritation. The importance of this, especial- 
ly ill the treatment of young children, will be 
realized by anyone who had seen the results of 
the escape of antimony salts into tissues, when 
intravenous administration has been altenipted 
unsuccessfully by an un.skilIo(l operator. This 
absence of local irritation raises the question of 
the possible use of this preparation by sub- 
cutaneous or intramuscular administration in 
special cases. This method is now being given 
a tnal by us, with apparently successful results. 


(d) Rapidity of action. The amelioration of physical 
.signs and symptoms was more rapid than with 
the ordinary antimony ?,alls. Reduelioii of the 
tPiiiperalure, dimiimtion m ihc si/e of the 
spleen and generally improved condition of the 
bltKjd, were more rapidly achieved. 

(c) Alt ion in producing leiicocytosis. In many t.f the 
cases urea stih.aininc had a mosi lu rieliejal action 
ill producing a rapid iinpnwemenl in ihi- total 
leucocyte count. This effect, always a lavour- 
ahle sign in kala-azar, was in many cases most 
marked, and would alomr he a point in its 
favour. 

(/) Importance of the ircalnient of cases as early as 
possible. The reasons are two-fold : 

(1) Early ca^es were found to yield more readily 

and lapidly to treatment, and the affected 
tissues were able completely to recover 
their lone and normal functions. 

(2) A'ery old standing or advanced cases might 

have their tissues and organ's permanently 
damaged by the disease to •sueh an extent 
that, even although sterilization as regards 
ixirasiUs was elfeetcMl, yet tiieir function- 
ing would never be. recoveri:d aiul the 
duration t.if life would necessarily be 
greatly curtailed. The average amount of 
urea stibamine used per case was found 
to be 2-6 gms. Tlie average number of 
injections required tor, and the average 
peritHl oecupied in actual treatment with 
the drug, were found to be twelve injec- 
tions and thirty-two days respectively. 
When this is compared wilh the thirty 
injeetioiis ami ninety days usually required 
for a miiiiiimm full course of sodium 
aiitimoiiyl tartrate llie advantages of the 
use of urea stibamine will be obvious, and 
the more so, as it is appaieiilly capalde of 
slerili/ing :,ome of llie casts which defi- 
nitely resist treatment by the usual salts 
of antimony. The authors concluded that 
, urea stibamine was by far superior to 

any other antinwnial preparations in gene- 
ral use.*’ (italics ours). 

The same writers (1924), in their final report 
on the use of urea stihainine in kala-azar noted : 

“We consider that the value of urea stibamine lias been 
eslaldisbed as the most efficient drug at present in u.se for 
the Irealment of Indian Kala-azar. The conclusion is based 
not only on a series of cases of which we have published 
the details, but in addition on experience gained in many 
ttlier cases, both Indian ami hhiropean, which have passetl 
through our liands or which have been treated wilh urea 
stibamine under our direction, a number totalling nearly 
one hiii^dred cases.” 
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Later on Shortt as director, Kala-azar Coin- 
mission (1932) slated : 

“Wc fijinul lire.'! slihaiiiinc an eminently f%afe ami 
reliable ami, in .^even yea.s wir Ireale*! .soin.- 1 1 1011 .^a lids 

of cases of kala-a/ar ami saw tlioiisamljs more treated ill 
tieatnieiit centres. 'I'lie acute fiilminatini^ type cliaraeteris- 
lie. of tile peak periotl of an epidemic resjionds to treatment 
Lxtratjnliiiiiiily pnunplly ami willi an almost diamatie 
cessation of fever, diniinutioii in si/e of the spleen and 
return to normal coiulilioii ol health. It may he expected 
that similar heiielieial results will be obtained in other 
epidemies of the disease.” 

These ohscrvalioiis were conllniied liy a large 
number of medical iiieu bolli Indian and Enropean, 
employed in Assam Tea Plantations, and in Clovern- 
lueiil Itosiiitals in Jieiigal. The use of the medicine 
has not been conlined to India but has been used 
with success in Greece, Fiance and China. 


Constitution 01* Urha Stih\mink 

Contrary to the view held in certain (piartcrs*'^' 
the preparation of urea stibamine has never been 
patented and its coiistitiilion, as the disc'overer has 
been able to determine, lias never been withheld 
from the public. There has been some controversy 
regarding the constitution of nrca stibamine as 
hapiiened in the case of atoxyl when it was discovered 
by TUirlich. W hen Brahmachari first discovered 
the compound he though its constitution was 


NH 


■c 


OH 

\sb=o. 

\ 

OH 


COfNHJa 


but he did not stof) to spend time on the determina- 
tion of the exact structural formula, as an actual 
testing of the drug on kala-a/.ar patients was at the 
time a far more prc.ssing problem. Gray ci al con-, 
ducted an extensive investigation on the constitu- 
tion of urea stibamine in 1931, and the .situation has 
been summarised by him , as follows: “The most 
interesting of the more imiiortaiit derivatives of 
/)-amino-phcnyl stibinic acid is a material prepared 
by heating stibanilic acid with urea solution, intro- 
duced by Brahmachari (1922) under the name of 
‘urea .stibamine’ llie nature of which hn.s been the 
suliject of conflicting opinions by other workers as 
well as by Brahmachari himself.” Constant and 
reproducible results from analysis of urea stibamine 

* See tlio .'isseriion nin<lc by Rogers in Nature, 144, 1003, 
10.^9. Rogers bad tf> be reminded of tbe inaeciira<*y of his 
statement and to this he has made so far no rejily. 


is shown in the accompanying table (the slight 
discrepancy in the antimony content of samples 
examined by llieiii being probably due to varying, 
amounts of the protective colloid present) : 


iirboii 

rij'druge 

20-2 

3 0 

20-9 

29 

20-6 

2-8 

20-9 

30 

21 53 

2*67 

2116 

2-8 

20*17 1 

2-91 


.\iiiegcii 

Anti mo 

t 

G-75 

44-19 

6*77 

44 49 


46-4 


! 

46-8 

6-47 

48-6 

1 


It was at first thought (1922) that urea 
slibaiiiine had the constitution 

OH 

H,N<^ ^Sjf=0, CO(NII, 

OH 


to 


In a later investigation (1924) this was modified 

OH 

NHa.CO.NH.<(^ 

ONH* 

which was confirmed by Niyogi (1928). 


According to Gray it al the e.ssential active 
substance of ‘area stibamine (Brahmachari)* is 

HO OH 

0 = Sb<^ ^.VII.CO.NH.<[^ ^Sb =0 

IIO'^ ^OH 

(Syiu-diphenyl-carbamide-4 : 4'-dislibinic acid). 


Covr OF TRlf,\TMKNT VARIOUS ORGANIC 

Antimoniai.s 

Today urea stibamine is supplied to the Govern- 
ment at the rate of Re. i/- per gramme. Calculating 
that the amount of urea stibamine required for a 
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ooniplete cure is i'5 grammes, which is frequently 
iiuich less, the total cost of the drug required is 
Ks. i/8/- or less. The cost of dietary of a patient 
during his stay in hospital for three weeks at the 
most, is Rs. io/8/-. Total cost is thus Rs. 12/-. 
Calculating that the amount of sodium antiiiioiiyl 
tartrate required for a complete cure is 5 grammes 
.iiid not infrequently inore, the total cost is Rs. -/2/6 
.>r more. 'I'he cost of dietary of a patient during 
his stay in hospital for 3 months at least, is Rs. 45/-. 
Total cost is Rs. 45/2/6, which is little less than 
four times the cost retitiired in the case of urea 
stibamine. These figures show that the cost of 
treatment of kala-azar even in a poor country like 
India with urea stibamine compares very favourably 
with that of malaria with (juininc. In private 
cases, the cost will lx? of cour.se greater • in 
the case of tartar emetic if one takes the doctor’s 
fees into consideration. It is only in charitable 
dispensaries that the cost is likely to be less in case 
of tartar emetic, but the time to lx? spent in the case 
«>f tartar emetic is much greater than in the case of 
urea stibamine, and in the case of a poor man who 
has to earn his own food, the time element is of 
most importance, and the sooner he can get cured 
the better it is for himself and his family, if he is 
the earning member. The short course for treat- 
ment which is most desirable in the interests of the 
sick as well as of the man-power of the labourers in 
the affected areas who constitute the largest number 
of victims specially in the tea-growing province of 
Assiim together with the great cheaiJiiess of the cost 
of treatment by means of urea .stibamine in the 
present day has led to the almost exclusive adoption 
of urea .stibamine for the treatment of kala-azar. 


UsH OP Dtfprrent Pkntavalknt Antimoniai.s 

It was at Brahmachari’s suggestion to the 
director of vSehool of Tropical Medicine, Calcutta, 
lhat V^on Hayden’s organic antimonials were intro- 
duced at the Calcutta vScIkx)! of Tropical Medicine 
and Von Hayden’s stibosan was the first such com- 
I)ound tested by Napier in 1923 and this was followed 
by other patented antimonials, viz,, neostibosan and 
solustibosan of Bayer & Co., at the same institute. 
The claim has been put forward in certain quarters 
that neostibosan was superior to urea stibamine. 
But mass observations by the A.s.sam Government do 
not confirm this belief as will be seen from the 
following extracts (italics ours) from the Annual 
Public Health Reports of the province of Assam. 
U may be added that though urea stibamine was 
liscovered in 1920, its use on an experimental scale 
by the Assam Government started only from 1923. 
I'he results were so encouraging that it began to be 


used on a mass-scale from 1928. The report for 
192S noted that most satislactory results were 
obtained due to intensive treatment by urea 
stibamine throughout the province. h'rom 1931, 
neostibosan was given a trial sitle by .side with urea 
stibamine. 

1932. 

“P'xiKTiiiK'iits with iieostihosnii wtii.- efuiLimud siile hy 
siilt? with urea stihaminc. I'lic consensus oj the ntcd'ual 
opinion received after submission of their lepitil undei 
ici'ieie appears to be in favour of urea stibamine in regard 
to lieatment of persons in rural areas Kdiere there is no 
indoor accommodation foi patients at the treatment centres 
ami whiTv. it is iiicuiu eiiicMU for llu-. patients to visit the 
centres daily.” 

1933. 

“Urea sliliainine was unr iiiaiii.sta\ in llie treatment f)f 
kala-azar. The treatment of hala-a~ar -^uth }ieostibosan, 
which was extended to indoor patients and to such outdoor 
patients as voluntarily accepted it, teas slopped during the 
later pa) I of the year. NeostihoNfiii was given a trial in the 


ASSAM. 1925-1936 



CoMI’.VKATlVK ST.\ri'.Ml'..\'r OK Till- M’.Mni'.K of I AS? S OK 
Kau-azar rkKAT' I) AM) n;:\Tus jn thk Pkovinck 
OK A.SSAAf KROM 192 .*) TO 1936 . 

intensive treatment of kala-azar. Tn rural areas the results 
were not encouraging. Its administraUon was therefore 
rc.siricled to nrhaii areas only where hospital conditions 
exkst.” 
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from the horrors witnessed earlier in Assam (i 8 go> 
“The aflniinislratkni c»f iieostibosan is restricted to urban ^925)* 1 he dlUjj would have prohably been jllst as 

areas only where hospital eomlitiuns exist.” effective ill the cure of the Burdw’aii hever which 

ia^*ed over western and ccntial Hcngal between 
7935. 1S54 i^ 74 f had it licen available at that time. 


“The treatment uf kala-a/ar with neostibos.Mii was stop])ed 
in this province during; the year iiiiJer leview.” 

1936. 

“Tlie treatment throuj^hout tlie province is by means of 
intravenous injection with urea slibamine.” 

The comparative merits of urea stibamiiie and 
neostibosan tested in China (Lee and Chung, 1935), 
(Ireece (Loraiido, 1937 ; Kainiiiopetros, 193^^), 
I'rance (Oelsnitz, 1934) have shown the former to 
be far superior. 

Uven if it be admitted that neostibosan and 
other organic peiitavaleiit antiinonials are (piite as 
good as urea stibamiiie, the credit of being the 
first to have thought of the potentialities of orgsinic 
pentavaleiit antiinonials against kala-azar and 
carrying our series of extensive researches on the 
synthesis of organic antiinony compounds will 
always lielong to the discoverer of urea stibamiiie. 


XUMBKR (>1« LiVKvS SWKl) WITH THK All> OT 
Urka SrnniMiNK 

In his annual report for 1933, the director of 
public health, Assam, states: 

“I'rca Stibamiiie wa.s our mainstay in the treatment of 

Kala-azar vSince 1923, when reliable figures for the 

diseases first became available to the end of the year under 
report, no less than 328,591 persons have been brought under 
tieatnicnt. It is iu» exaggeration to say that approximately 
3-2.5 lacs of valual>le lives have been saved to the. Province,” 

Of course, no figures arc available for the 
number of patients tried and cured by i>rivate practi- 
tioners in Assam, in Bengal, and other parts of 
India. It is well known that in India the majority 
l>refer to lye treated at home. The number of 
patients who owe their lives to the discovery of urea 
stibamiue can be confidently asserted to be a figure 
easilv running to six digits. 

Further, the timely discovery of the dmg 
prevented the spread of the disease over other parts 
of Assam and Bengal, and thus saved these parts 
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Public Health and its Planning in India* 
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PuHi,ic HKAi/rn A Fiki.d ok vSociai. Activity 

J^NOWLKlXiK gained from successive scientific 
discoveries, particularly since the industrial 
revolution in the West, opened up new vistas of 
])ossibilitics for their application to the welfare of 
luunan society, and persistant State action, sided by 
concurrent economic, social and political progress, 
proceeded side by side to develop the environmental 
iind medical services. The evolution of public 
health, as is miderstocHl in modern times, may be 
(livided into three distinct phases : (/) the period of 
eni])irical environmental sanitation, between 1840- 
iSc)o, (//) the iieriod of scientific control of com- 
iMunicable diseases by the application of the micro- 
bial causation of diseases, between iSqo-iqio, and 
(iii) the period of socioloj^ical medicine, durinj» the 
last 30 years. 

The successive scientific advances enabled a 
fidler ap])rehension of positive health, heralded by 
the emergence of sociolo.uical medicine and pro- 
foundly affected the action and purpose of Statecraft. 
P‘ litical and economic advance was followed by leiiis- 
l.iti«)n and vSlate action which effected iin]n-ovement of 
workin.e: conditifins and occupational hygiene, and 
school health including the jirovision of school 
meals and preventive treatment of defects ; pre- 
vented maternal and infant mortality ; provided for 
health, unemployment and invalidity insurance, and 
tor immuni/ation against disease. Further it made 
l>rovision of better and safer food, and the preven- 
tion and care of mental deficiency, tuberculosis, 
\enercal diseases and cancer. Subsidized housing 
:md town-planning schemes made it possible for the 
eradication of slums, the construction of sanitary 
dwellings, the provision of chea]>-rental houses and 
the abatement of overcrowding, resulting in a great 
improvement in sanitation and cleanliness. The 
result of all these studies has led to the development 

* Adapted from the presidential addn ss delivered hy 
Ih- A. C. ITkil before the section of medical and veleriiiarv 
n-^eareh at the . last session of Indian Science Congress; at 
hciiares. 


of medicine fundamentally as a social science, 
wherein is applied i»ractically every basic science 
directed towards a comi>rehensive programme of 
connmuiity service, including the maintenance of 
health and ineventifUi j>f disease*. Hence Hr Winslow 
of the Yale School of Meiliciiie (lo.^o) defines public 
health as 'the science and the art of preventing 
disease, prolonging life, and promoting ]»hysical 
health and elficiency through f)rganised community 
efforts for the sanitation f>f the environment, the 
control of coimiiunity infeidions, the education of 
the individual in principles of personal hvgieiie, the 
organisation of nursing services for the early 
diagnosis and preventive treatment of disease, and 
the develoimient of the social machinery which will 
ensure to every indiviilnal in the community a 
standard of living ade iuate for the maintenance of 
health.* The cure of disease in such a programme 
bectmies less voluminous in ])roportion to the rate of 
])rogress in the utilisation of scientific tools for 
human welfare, for the success of which science 
must be c(>mplctely integrated*. The problems 
should not be faced separately but as an inter- 
connected whole. 

Principmcs of Pum.rc IIrmth AmiiNisTRATioN 

If we compare types of health jdanning in 
.various Western and luistern countries, India 
stands, at the present moment, from the public 
health point of view, where Hreat Britain stood 100 
years ago. If. S. A. stoojl 75 years ago and where 
Russia stood before the Revolution (nn^re than 20 
years ago). Of the essential princii)les of sound 
public health administration, the following are some : 

(1) The different health functions for the whole 
community should be undertaken by a single govern- 

* In the light of the.'^e cotuu pis, a srlu iiu* cm the iiiajor 
functions of social life has been given anil ihi- ])lacc which 
is assigned to public health has been indicated in the address. 
It has been |V)iiiled out that the “failure lo c^lalilish scienti- 
fic iiictliodology in <leterniining tools for coinniunily welfare 
is one of the chief fai'tors for tlic present social lag ihroiigh- 
ont the .world.’* 



536 


Science and Culture 


Vol. VI. No. ty 


ing Ixxly with necessary co-operation between inter- 
related departments, aiming at ‘centralized direction 
and decentralized activity’. There must l)e provision 
for eHicient technical supervision and periodic 
appraisal of the cuganization. 

(2) Successful adminislralive procedure should 
be based on scieiitilic investigation and deinonstra- 
lion of organi/a(i<»nal methodology in the measures 
whereby knowledge can be applied in practice to 
groU|)s of pjjpnlation. Arrangements should exist 
for the pro]>er training of the necessary personnel in 
applying such methodology. 

(3) vSuccessful administrative jn'oeedure must be 
based upon sound Unaiicial considerations and practi- 
cable economic budgeting suited to the area and the 
f)opulation. 

(,4) Successfid community utilization of know- 
ledge for public health reff)rm and medical protec- 
tion reiiuires a certain level of ])olitico-ec<momic 
progress and education, for the health of the people 
is achieved through the ])eo])lc being themselves 
r>ossessed of adeipiatc education in, and practice of, 
health knowledge. 

is) Owing to the mutual interdependence of the 
inter-related spheres of social services, the reipiisite 
co-()])eralion between them should be fully secured. 

(6) In order to ensure better w'orking and to 
avoid mistakes in local effort, the ivholc dcsiffn of a 
public health i)!anning niu.st be before the mind 
from the very beginning. Any scheme, however 
small and localized, can confer benefit, if it is 
designed in relation to the scheme as a wdiole. Any 
public health idanning which is not based on sound 
seieiitific and proven prinei])les is bound to fail. 


Punmc HitAi/ni tn Iniua 

After tracing the trend of i>ublie health progress 
in British India it will be seen that, while per- 
sistent endeavours were made in countries like 
Kngland to apply the knowledge i;ained from 
scientifie discoveries in . developing the environ- 
mental and medical services, there was no evidence 
here of any repercussions of the i)n)grevss of scientific 
knowledge on the economic progress, the dawning 
and growth of social consciousness or the experi- 
ments ill cnviionmental sanitation. So the backward- 
ness of India in the proper evolution of public 
health must be accounted for either by the progress 
of science not being applied to the prevention of 
di.scase as it has been done in advant'cd countries 
or to a wrong application of the same. Following 
factors are mainly responsible for the lag J>etween 


science and its applications in the improvement o; 
public health in India. 

Absence of any national health policy: Thi 
l)olicy of the Government of India with regard i( 
sanitation and sanitary staff was marked by vacil 
lalion and there was hardly any public health polic\ 
until the reforms of igiQ and 1935. These reforiii'^ 
have no doubt stimulated a desire for progress bm 
it is being liainpered by tlic lack of a planned 
prograinine and policy, a hopeleSvSly inadeqnat. 
amount being earmarked for incdiciil relief and 
social services (3*4% only against 22' 7% in 
luigland), by the continuance of a top-heavy 
administration without efficiently trained technical 
personnel and by the poverty of ideas in the adminis- 
trators themselves. For example, a man who began 
as a teacher of anatomy is considered com])etcnt lo 
lie successively appointed a divisional surgeon, a 
])ort health officer, a radiologist, a teacher of 
medicine and so on. Furthermore, there is still con- 
siderable lack of co-ordin.'ition among the various 
interdependent branches f>f administration wliicli 
are concerned wdth a forward health i)t)licy and 
social progress of the po])nlation. Administrative 
procedures are »)ften aj^died which are not basetl 
upon sound economic considerations and financial 
budgeting wMthiu the economic means of the i)o|)U- 
lation. The result has been that although some 
fragmentary public health measures have been under- 
taken in urban areas, the rural population has been 
hopelessly neglected, W'ith the result that the villager 
in India today is no more lienefited by modeiii 
science than his forefathers before the {idvent of tlu* 
British rule. 

Violation of essential principles of sound public 
health administration : It has been said that social 
conditions react on health and health reacts on .social 
conditions and Bernal has said that ‘it is probable 
that an overwhelming majority of diseases that occur 
throughout the world are due directly or indirectly 
to tlK lack of primary necessities, generally food, and 
many of the remainder are attributable to bad work- 
ing conditions’. In the maintenance of health, the 
State must provide for a social machinery to assure 
living standards adequate for the purpose. This refers 
to the improvement of economic status, nutrition, 
housing, physical fitness and recreation, co-ordinated 
with education and social as.si.stance. Hardly any 
system of social assistance has been developed in 
India. Social assistance includes old age and in- 
validity pensions, compensation for physical injury 
or disease in the course of work, sickness bciicnt. 
unemployment benefit, etc. It must be remembered 
that in Great Britain, the National Health Insurance 
vSeheme, w’hich provides for medical assistance and 
other benefits in cash or kind to over i5,oop,oon 
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people between the ages of i6 and 70 years, is the 
l.'irgest health service outside the activities of the 
local bodies, which assume much more inclusive 
public health and social protection than in India. 
Prevention of disease includes iuipersonal services 
like food and drugs control, water-supplies, sewage 
disposal, etc., and the control of communicable 
diseases. The necessity for medical relief comes in 
where the elTorts of the State to inaintain the health 
.iiid to prevent diseases have failed. As such, curative 
medicine should occupy a comparatively small place 
ill the natV-Uiril health programme. 'Phis includes 
personal services, such as maternity and child 
welfare, school health and riccupational hygiene and 
ihe institutions for the early diagnosis and preventive 
trentment of diseases —lirspitals, convalescent homes, 
sanatoria and work colonies, dispciisiiries and peri- 
pheral health centres. Ibilcss the India administra- 
tion views at public health from this angle, the lag 
caniKit be made up. 

Backirardncss of, and Jack of wethodoloiyy in, 
tdiicaiion : The lack of au aim and uiethodologv iu 
general education has resulted in wastage of effort 
and achievement of results in obtaining tlie neces- 
sary scientific outhiok and in the intelligent parti- 
cii'iation and practice in social fields. Science is 
taught in a perfunctory manner in schools and the 
jnipils seldom practise health and participate in 
]tublic health activities. 

Dcfccls in the training and supply of technical 
hcrsnnnci : The next in order of importance in 
lieallli planning after developing the methodology is 
tr) train the appropriate categories of personnel in 
order to put into effect the methods for the whole 
population. The cpiality of medical care depends 
uiion an intelligent interpretation of the correlation 
of scieiitifc knowledge in its aT>plication to the needs 
of the individual. This can be accomplished only 
hv Irauied and cxncricnced personnel who reali/c the 
'^igni^Vnnee of that knowledge and give the dis- 
criminating judgment necessary for its proper use. 

If preventive medicine has to have a pervading 
iiinucnce in all parts of the curriculum, how is this 
to be imparled in the successive stages? From the 
verv beginning the teaching of the clinical and non- 
f'linical subjects may be brought closer together in 
tlieir applied and public health aspects. It is not 
onssihle to introduce this unless the teachers Ihein- 
^clves appreciate its importance and willingly co- 
operate in making it a success. 

We need three types of doctors — (i) practitioners 

therapeutics (medicine and surgery) and general 
I'i'opliylactic workers, (2) public health phy.sicians, 

(3) specialists for the protection of mother and 
‘^hild. These may be considered as officers in the 


army engaged in fighting disease but like every army 
the medical corps requires a large number of non- 
comtnissioiicd officers, such as nurses and technicians, 
without whom medicine will not fulfif its task. 
Health assistants, sanitary inspectors, midwives, 
laboratory technicians, dentists, pharmacists’ assis- 
tants, etc., may be incliuled in the latter category. 
We need also an acces.sorv tyi>e of personnel which 
consists of orderlies, hospital employees, anil)iilance 
drivers, etc. Ivaslly, the role of voluntary workers — 
men and women, b»)ys and girls, affiliated to some 
social service organization should not be under- 
estimated. 'J'he education and training of each of 
these categories of personnel ha\e to be attended to 
ill its theoretical and practical aspects. 

There are 6:x>,o o villages iu India and, if we 
liave to supply a (lualincd doetor, with public health 
(lualifications, to a group <»f say villages, we shall 
require 200,000 trained i)hysieiaiis to man the peri- 
pheral units of the rural medical relief cum public 
hejilth organization, besides these, we need better 
liaiiied \\f)ikers for the puiqit s.‘ of Mi])ervision or for 
sup])lying service which recjuires specialized know- 
ledge and skill. Assuming that 10 per cent, of the 
total pcisonncl would be eiig.Mged in superv’ision 
work, we need 20,000 supervisors, besides tliese, 
specialized service may re juire another 10,000 highly 
skilled doctors. This means that if we are to rc- 
eonstnict public health on a new basis, we should 
retpiire at least 2:^0,000 trained doctors of different 
categories. As a result of .scientific medical training 
in India for the last rot years the number of cjualified 
pnictilioriers is today only 42,000. If we have to 
go on at this rate it will take for us another 150 years 
to get the re(iuircd number. Russia was faced after 
the revolution with the snnie prol)le]ii. vShe was there- 
fore com])ellcd to (luickly increase the number of 
niedii'al students to get the required number of 
physicians. Between 101.^ and the increase was 
1 times. In 1Q13 the number of qualified doctors was 
bi 1021 it was 3.^if>oo and it now exceeds 
^io,o;>o. The training of other categories of person- 
nel, which will run into several thousands, will also 
have to be thought of in terms of the developing 
needs of the situation, in ^ given area. 

Medical education will have to be therefore 
tlioroughly reorganized and adapted to the new 
reruirenicnts. vSocial science must be given an 
adequate im])ortance in (he curriculum. It will not 
suffice for the student to get his training in the 
hospital wards alone hut should be extended to com- 
munity fields, in order to give him an idea of the 
applicability of medical knowledge towards the main- 
tenance of health and prevention of disease in the 
community. The university should not only arrange 
to trail? the necessary personnel but also help iu 
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cvolviii;^ practical hrIIkkIs of solving the various 
problems ami to extend those methods to the 
community. The appf)inlment of a chair of medical 
sociology -and one of histen'v of medicine seems to 
be ail urgent initial step. 

Rrsrarch and l)ul)lic health f^roirress : It is 
iieetlless to emphasi/e the importance of field 
eiuiiiiries in a country which is chiefly agricultural 
and where every variety of soil, climate, race, diet 
and habits is iwevalcnt. The universities and their 
aRiliated medical ill'll itntions have neglected to 
encourage a])plied medical research .and have failed 
tt) kee]) a living contact with needs of the country. 
A tliorongh reorg-ani/atioii of the educational system, 
particidarly in its scientific as])ects, is urgentlv called 
for. Researi’hes should l)e centralized in order to 
ensure co-ordination and a\()ifl f)verlapping. 'I'he 
provinces may laVe U]) local problems, while the 
centre may take up proldems of an all-India character 
for investigation. 'I'liis necessitates careful planning 
and c<^“«a'dination of various scluanes of research in 
all branches of science, whether pure or applied. 
Ihire scientific researcli is as e.ssential as that speci- 
fically devoteil to the attainment of any medical, 
public health or imlustrial object. The detailed 
planning of research must be in the hands of those 
with the necessary .speciali.'cd knoweldge and they 
must be aide to act without suspicion of political or 
racial infiuence. 'fhe formation of a National 
Research Council for India is over due. With a view 
to harnessing .science in the service of man, it is 
neces-ary to explore ways and means for extending 
the existing machinery of scientific education in the 
country, fnmi the school to the university stage, 
deveh)p applied seientific training and research, and, 
fiii dly, to see that such research is undertaken with 
a de'mile end in view and not outside the ambit ol 
planning for public health. The most useful inves- 
tigation at the pre^^ent moment should be directed 
to the eNteii^ioii <'r medical knowledge for actual 
ntilizalif n Iw the villager. The nniversilies in India 
have hitherto failed to fulfil their research function, 
because the ser\ iee organization and of the mnU’i- 
farious obligations of the workers in alTdiatcd medical 
institutions. 

It is necessary for this purpose to organize funda- 
mental ‘[Uire* re'-earch at central or niiivt?rsity 
laboratories and hipplied’ research in the industry 
itself, thus enabling a channel of communication 
belw'eeu fundamental science and its application. 
Industrial medical research is successful in proportion 
to its co-ordination with the nationally planned 
orgaTiizatif)n of science. 

Apart from research, the economic implications 
of health protection of the worker needs the develop- 


ment of a well-planned system of social insurance. 
The system of social insurance differs, as regards its 
tluiroughncss of protection and organization in 
dilTerent countries ; it is more thorough in Soviet 
Russia than in the Western luiropcan countries. 
Before India wishes to ado])t any one system, it is 
necessary to study the methodology of its applications 
in the field. This will save Tin necessary complicii 
tions and wastage of efforts in future. 

Supply of drujrs and instruments: In spiU 
of the fact thiit India abfmnds in all kinds of medicinal 
plants (Sir R;mi Nath Chopra estimates the numbiv 
to be 2,o?o) and in spite of the fact that many potent 
drugs had been used in Indian since the pre-Christian 
era, it is a matter of great regret and shame that 
no attention was paid to a rational and scientific 
investigation of the drug re.sonrees of India until 
lately by the Calcutta School of Trojucal Medicine 
and still later by a few other centres. Although it is 
true that a few useful drugs have already been 
found, out of nearly 200 medicinal plants investigated 
bv Chopra and his collaborators, it must not be for 
gotten that it has taken 20 years for them to tackle 
r/ioth of the drug resources of the idant kingdom. 

It is 1‘stimated that approximately oo per cent, 
of the ])opnlati(m of India Inive to take recourse tn 
the use of indigenous drugs, partly because drugs 
manufactured by the Western system are nif)rir ensll\’ 
and partly because no arrangement exists for the 
medicinal treatment of the rural population. 

It would be interesting to know’ that during tli.- 
cear 102^-20, drugs exported from India amounted 
to Rs. .12 lakhs, whiU* the figure for imports was 
Rs. 200 lakhs. Tea dusts of over .|oo million |)nmids 
arc amiuany exported at a nominal price, wdiile it 
comes back to ns ns alkaloid caffeine valued .it 
Rs. 6, 57, ^^00. It is understood that caffeine could 
be easily mannfnctiired in India at eompetilivo prices 
provided the railway freight of tea dusts is reduced. 
It is reported that the lag here had been the mi- 
willingness of the Tea Associations of India in 
r)ennilling the manufacture of caffeine from waste tc.i 
in India. 

It is firmly believed by many pharmacologist-, 
botanists and clieniists that India can be made self- 
supporting as regards her drug re(] in* rein cuts and 
that the treatment of many diseases could thus 1 h 
proved within the means of the Indian masses, wlmst 
paying capacity is unfortunately very poor, provided 
there is a national planning in this regard and 
provided the necessary co-operation and co-ordination 
are forthcoming lietwcen various Government insti 
tiitions, universities and non-official workers engaged 
in similar or allied investigations. 
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Financial handical^s to prof^rcss : Modern public 
lienlih, which is an integral part of the social services 
liUe education, agriculture, animal husl)andry, co- 
operation and industries, has to be i^aid for. It has 
already been pointed out that the social services in 
India are starved at the expense of a top-hea\y 
.idministration and a .high expenditure on defence 
,i:id police. The. salaries in the superior services in 
India are often 3 to 4 times higher than those paid in 
luaiice or Japan. The actual amount spent on 
lefeiice and police in India is higher than what 
.ippears superficially to the casual observer. The 
percentage of rexeiiue on educatitm in Britain is over 
iwice, while that on ])revcnti\’e and curative medicine 
is nearly ; times of what is .spent in India. 

It will be futile to plan a co-ordinated scheme 
nf public health, as has been visualized here, with 
Mich an insignilicant allocation to the social services. 
More money therefore has to be made available for 
lliein. There are three ways tjf rinding out more 
money for the cash purchase of public health : 
(/) to make nmre allocations out of the existing 
hiidgets to the social welfaie services, (//) to increase 
tile ino iiie pi.r cajiita and thereby the taxable capa- 
city of the peo])le, and (///) to make use of both 
tliese metluMls. 

Lack of insiiluiioual planninjr : Hitherto, ho.s- 
pitals have developed in most countries in a ha])- 
liazard fashion according to the dictates of charity 
or exigencies of situation regarding the occurrence 
of di.sea.^es. Modern medicine has made diagnosis 
.md therapy of diseases not only a highly specialized 
procedure in many cases but a costly method beyond 
the reach of many imlividuals in the community. 

To reach medical aid speedily to tho.se who nee<l 
it and to transport them to larger institutions where 
the necessary etiuiinncnt and skill are available, a 
suitable planning in the development of communica- 
tions is absolutely essential. It needs to be pointed 
'»ut that communications have nut been developed in 
India to Serve the needs of sick population. 

As first steps to remove the lag, every province 
should have a committee on hospital standardization 
:md planning, on which the medical as.sociatioiis 
^'hould be rei)revSented. It will be the business of 
^nch a committee to survey the needs and siigge.st 
^'Uitable standardized plans for different categories 
"f institutions. If this is done, it will be found to 
he not only less costly but the community needs 
will be more efiicicntly met through proper zoning. 

Lack of co-ordination behveen the intcr-rclatcd 
•dniinisirative . departments: The department of 
laiblic health or social affairs is intimately rclatei 


to the department i f rural reconstruction, w hich again 
is related to the departments «)f education, agri- 
culture and animal husbandry, industries, .communi- 
cations and irrigation. Owing to a lack of projicr 
co"ordiii;ition between them, many excellent imblic 
health schemes never fructify, to the great detriment 
of the Well being of the p(-]»ulalion lor whom they 
e-xist. 


Pl.ANMNr, OP PlJltMC IlKM.TII 

It is desirable that in the province.-^, the neces- 
sary co-o| ‘elation between health (including housing, 
nutrition, physical titness, maternal and child welfare, 
school medical .services, liospitals and .supervision of 
the medical profession), jniblic relief and sfKM.al wel- 
fare institutions should be co-ordinated or united in 
a single ministry of i>ublic health or si)cial affairs, 
which keeps in close touch with the institutes of 
hygiene aiul co-operates, as much as reipiired, with 
the medical faculties. 

In other words, the fetleral and provincial 
governments should sit together to fiaiuc a scheme'*'' 
of national ]>laniiing in public lieaith and jrocial 
welfare according to modern couctptioii and within 
the economic comiietcncy of the people. In order 
to atteiul to the socio-economie faetor, the public 
health activities must be liiikcil with llitjse of rural 
icconstrnclion, they being mutually inlerdepeudent 
for .success ill either sphere. The imiirovcmeiit of 
sanitation of village.s is possible only when the .sani- 
tation of every house is impn)Ved. Preventive and 
curative medicine should also necessarily go hand 
in hand. T'ho [ueveiitivo measuies may be divided 
into the following categories: (/) development of a 
social machinery to assure living standards adecpiate 
for the maiiiteiiiiuce of health, (//) health education, 
(Hi) sanitation of eiiviroiimeiil, (iv) epidemiological 
control of communicable diseases, (v) organization of 
chilly diagnosis and ])ieventi\e treatment of di.sease. 
As curative medicine occupies a small portion of 
lU'eveiitive medicine, it has been proposed to abolish 
the jHists of inspector-gciigrals and surgeon-geiierals 
and to put an officer properly trained in modern 
public health admini.stratioii in charge of all the 
.sections. 

* 111 llie jukln^ss llu* f«ir llic i-.l.iiiuiag nf 

lic-fiUh in tlic fiMlt nil splu*rr .iiitl in i.Tn\ iin'r.-., witli •^pt rial 
reference to lleng.d, linve been Ui'-iii^-nl and tlie unrkiiig 
principles defined. A separate lninI^tlv nf social atfairs, 
which inclinles Ivith jiri'veiitive and iiitalwc lucliciiie with 
the assncialed social servict^'^, h.is hci-n prnpnsfii and lliat 
the present ilieliotoniv of preventive an.! cnratixe .ludiciiii- 
ha.s been propo.sed to he ahohMied, Iniiiging about ceiitiali/ed 
control under an nflieer, wiio may be ealled Uie direetor of 
public liAiltli or .social affairs. 
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PuBI,IC IlKAI/ni Admlnistkation jn Pkovjnchs 

The pohls of district civil surgeons may be 
abolishe<l in view of the fact that the district medical 
ofiiccr j)f health is to 1 unction as the liead of the 
district preventive and curative services. The dis- 
trict organi/atioii, as applicable to Peiigal will be as 
follows : 

(i) Primary Centre or Peripheral I'illage Unit 
will include two Union Hoards. This 
Centre will be equii)ped for services of 
both curative and preventive medicine. 
It will have a clinic, a dispensary and 
.S beds, A of which will be meant for 
emergency aitl and two for abnormal 
midwifery. I'lie primary centre will 
ordinarily deal with the correction of 
minor defects and ailments, the begin- 
nings of a dciiniciliary service, school 
hcaltli, and instruction centre for indi- 
genous dais. 

(2) hour or live i)riniary centres will constitute 
a Secondary or Thana Centre. The 
Thalia Centre will have a 5(>-l)ed hospi- 
tid, containing 10 beds each for medical, 
surgical, maternity, pediatrics and infec- 
lious cases. The hospital will attend to 
cases, act as a sorting and diagnostic 
centre. 

(3J Thana units will be connected to the more 
highly organized Sub-divisional Centres. 
Uacli sub-divisional centre is to have a 
loo-ljcd ho.spilal, with 20 beds for each 
of the sections provided for at the Thana 
Centre. In addition to diagnosis and 
treatment of ]iatients, these centres will 
act as public health service centre, expe- 
rimental training centre, epidemic con- 
trol centie and school health visit centre. 
It will be eejuipped with a diagnostic 
laboratory. 

(4) The sub-divisional centres will be connected 
with the more highly developed District 
Centre. The* district centre wall exer- 
cise all the functions of the subsidiary 
centres but in a more specialized way. 
They will also supervise the work of the 
whole district. The district hcad(iuai'tcrs 
will have a 250-bcd hospital, with 50 
beds for each of the difTerciit categories 
of services. vSpecial beds for tubercu- 
losis may be added to this. This hospi- 
tal will be fitted with all necessary 
modern equipment and will be staffed 
by competent officers. Ten to, twelve 


resident doctors will be needed to rim 
the institution under a whole-tinu 
superintendent. The voluntary service^ 
ot si)ccialist practitioners in the district 
headquarters should be utilized as fa: 
as pcssib.e. The laboratory attached t., 
this hospital will undertake diagnostic, 
w^ater analysis and food control work. 
I'here will be one urban and one rurai 
demonstralion cum training cento 
attached to this hospital. This will 
offer training facilities f.or sanitaiy 
inspectors, inslitiitional and public heallli 
nurses and post-graduate and refreslier 
courses for the higher personnel 
employed in the di.strict. The whoU 
administration will be under a medical 
oliicer of health, who will be assisted In 
sj^ecialist ollicers for the special func- 
tions of the district organization. 

It will be seen that the administrative unit 
suggested corrcspoiuls to the political unit, which 
fairly corresponds to the distribution and aggloiiiera- 
tum of poi)ulation, marketing and traiispoii 
arrangement.-^. The suggested scheme is capable ni 
expansion without essentially changing its structuu-. 
I'lie first 5 years in this planning may be ocCui)ie(l 
in organizing curative and preventive services to 
units of 20,000 people. When more experience 
gathered and mistakes are avoided, the unit may hi 
duplicated or even triplicated. 

The district lieallh administration constitutes a 
link between the i)rovincial and the h)cal adminihtra- 
tioiis. It should extend to social preventive mediciiu 
(health visitors, maternity and child welfare, anti- 
tuberculosis w’ork, etc.), public health (housing, water 
supply, sew'erage, etc.) and hospitals, carrying out 
a uniform programme everywhere and aiming at 
developing the various institutions into a balanced 
whole. The iircscnt isolationist policy of hospitab 
and dispensaries should be abandoned. In a planned 
policy, one hospital may deal with, say, acute 
diseases, another with chronic diseases, a third with 
convalescent cases and so on. 

The financial side of such an elaborate scheme 
need not be alarming. The recurring annual expen- 
diture of a peripheral or primary centre will be 
Rs. 3,000 p.a., that for a thana unit Rs. 10,000 p.a., 
that for a sub-divisional unit Rs. 50,000 p.a., and that 
for a district centre Rs. 1,00,000 p.a. This gives u'^ 
an expenditure of about Rs. 2 crores for the rund 
public health organization in all the districts. Tn 
this should be added the cost of central or basal 
supervision and training centres — Rs. 1,00,000 p.a- 
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111 addition, Rs. 20 lakhs per annum will be needed 
,or 4 medical colleges in the four divisions of the 
;,rovince for training the medical and public health 
i»ersonnel. Besides these, a certain amount of capital 
expenditure (about Rs. 5 lakhs) will be needed for 
.•iiiipping the institutions with instruments, 
.ippiiances and drugs. The develupnieiit of the 
.ucial assistance macliiliery is an urgent necessity in 
ihe furtherance of public health. The expenditure 
oil tliis head cannot be visualized at this moment. 


h iNANCi \i Adjustmknt 

Let us see how the expenses can be met. The 
urban iiopulation in Bengal is only i/i6lh of the 
nual population. Yet the per capita ex])enditurc 
oil curative and preventive services in municipal 
areas is Rs. 2-1 -y, in comparison with only 4 annas 
ami 4 pies in rural areas. In order to divert more 
money to rural areas, the Government contribution 
to municipal areas will have to starved for some 
yeiirs. Itxcluding municiiial areas, the Government 
contributes at pieseiil (1940-, n) Rs. 87,83,000, the 
District Boards Rs. 35,3^^1000 and the rnioii Boards 
Rs. 14,51,403 or a total of Rs. 1,37, 45, 403 to pre- 
wiilive and curative .services. Thus there is a 
deficit of a like amount in financing the suggested 
M'heme. This can be made available from various 
j,oiirces. One of tlieiii is more ( toverniiient alloca- 
tion to social w'elfare services. Out of a total per 
capita expenditure of Rs. 2-7-5 iii Bengal, police 
expenditure absorbs 8 as. and general administra- 
tion and administration of justice together absorb 
.S annas 6 pics per cajiita or a total of more than a 
rupee per head, while only 4 annas 0 pies per capita 
is given for education and 3 annas per capita for 
preventive and curative health .services. Compare 
this with the per capita expenditure of Rs. 35 9-0 for 
education and Rs. 6-g-o for medical relief and iniblic 


health in Hngland and Wales. The other inter- 
related social services in provincial bmlgets are simi- 
larly starved at the expense of a top-heavy and mal- 
adjusted adniinistrati\e machinery. 

The scheme as .siiggcslod can be maiL‘ ]»rai'ticable 
if the cost now being paid by the (.'loveriiineiil, Dis- 
trict Boards and I'nioii Boards is doidded. The 
liresent iier capita exiieiiditiire from these sources 
is 2 annas 9 pies, 1 anna 1 piie and 0 pies respectively 
or a total of 4 annas 4 pies. By doubling the figures, 
the respective coiilrilnilioiis will be 5 annas 6 ])ies, 
5 annas 2 pies and i anna or a lolal of 8 annas tS pies. 
The municipal e.xpendilnre arc left out of account. 
This is the ininijiiiim on which a start can he made. 
TTovided the willing co-operation *)f the i»opulation is 
secured, enough conliilmluins in kind will be avail- 
•^able for the cxiiansioii of the scheme. Any sclienie 
in which the overhead charges exceed 30") of the 
total earmarked budget is financially burdened. 

Tile ‘First {steps’ in a iirovince, will lie with the 
dciKirlmeiit of rural reconslinctioii, which should be 
a co-ordinating department, and in every province set 
up a planning committee, with siib-committees on 
soc'ial welfare and other technical lielils of rural re- 
construction. The ‘terms of reference’ should be to 
deliiie clearly the objective, to advise on the best way 
of developing and demonstrating the methodology of 
work proi)osetl, to determine hr)w best to apply the 
same in the wider fields .'ironnd, to determine the 
method of training the reciuired iiersoiuiel and of 
proper supervision, control and maintenance of their 
level of efficicnc\ , and to suggest the best means to 
secure the co-operation and I'o-ordinalioii of the inter- 
related del »artincnts. * 

*A list of useful nfiuiues li.is litfU .'ippinilcd with die 
address wliirh will ln" lu-ljifid l<ir fiudu'r dilails on the 
siilijei’ls disciwsi'd. 



Research Notes 


The Nature of Virus 

RkcI'NT studies have enabled us to form an idea 
about tile size of different virus particles, the nature 
of virus protein, and its reaction as an iinmuno- 
lo^lical aj^etit. 'Hie problem arises wliether virus is 
llie smallest livini^ entity or the most complex of 
non-liviiii; plieiionienon ; most workers assign to it 
an intermediate position, havini; affinities with both 
states. The march of evolution can be c'onceived 
as having proceeded along three stages: (i) the 
non-living, which is completely deiKiideiit upon its 
surroundings ; (2) the living, where independence 
of the environment exists in varying degree, and 
(^) civilized humanity where some measure of con- 
trol of external events and conditions ivS possible 
(see diagram below). 


l*os‘;ilile Control of 
Surrouiiilings 


Civili/r<l llL-itigs 

linU pfmk'iicf. 
of vSiirroiiiK lings 


Living Beings 


Com pi e te Dt pe n dcnce 
on Surrounilings 


Non-living Things Clieiiiieal h;k*jiients and ComjKJiinds 
of varying eoniplcxily 

Diagram to show the relattons of civilized and living beings 
with non-living things. 

[I'rom Nature. 146. p. 540, 1940 (Oct. 26. 1940).] 

The virm innltiplies witbiii its host, and moves 
therein. It has been shown that virus can multiply 
within a tobacco leaf severed from the plant and 



kept in a humid atmosphere. Here 'the various 
streams of trans])irati()ii and translocation within \W 
plant arc eliminated, yet the virus advances in .1 
wave down the leaf, bfflowiiig inoculation at the 
tip. It is noteworthy that tobacco leaves scratched 
with a sterile needle at the tij^s, as fur inocnlatit)ii, 
did not permit any transfer of the inanimate dye. 
Similar results can be obtained with detacheil 
stems ; the virus spreads ni)wards and downwards 
at about the same rate, and a])])ears to be indepeii 
dent of any help from tbe host. In .so far as 11il- 
passage of a dye can be regarded as an indication of 
tbc transpiration stream, it very often follows a 
course different from the virus. Red ink taken up 
by the cut end of a slioot penetrates the vasciilai 
ring of the .stein and enters the lower leaves lli'-l. 
The virus often jnoceeds first to the youngest ‘leaves. 
Transiiort to the growing i>oint by the stream (d‘ 
elaborated nnlrients in this case appears to be ruled 
out by the fact that virus spreads downwards in tin 
stem at about the same rate as it moves iipwaoK 
The virus, moreover, lias a teiuiierature of opliiimui 
activity different from that of its host. 

With the hec* of these fads l)r John (Iraiiigei 
{Nature, /./6, 53Q, iq/J' ) venliires to suggest that the 
virus is actually a living organism since it cxliibils 
a type of indeiieiidenl movement through its host 
which can only be intei'i)ieted as autonomous, and 
shov.s further independence in the calibre of its 
tcinpcrature lelations. 

It is not yet possible to formulate the adiial 
mechanism of the iiiovemeiils. vShcfficld has pm 
diiccd categorical evidence that protoplasmic con- 
nections between cells are necessary. According to 
many workers (Stanley, liawdeii and others), thi-' 
virus is a crystalline protein, different from tbe usual 
biological conception of such substances. This h:i> 
been interpreted as an argument against the living 
nature of the virus. But Virus is not always 
crystalline ; it may occur as amorphous inclusion 
bodies, which look much more like the traditional 
protein of biology. 


A. B. 
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‘Labelled’ Sodium as a Biological Indicator 

Thk application of isotopic indicators to tlie 
^ludy of the metabolism of biolos^ically important 
substances lias opened up a new vista and nni(pie 
[H/Ssibility in liiochemical and medical research. 
Til is method derives one ^fcat advanta.ee from the 
f'acl that the ‘labelled* or ‘ta.e.ecd* elements produced 
])V the cyclotron cannot be differentiated chemically 
from the inactive variety. By the use of mixtures 
of active and inactive elements their distribution, 
deposition and iiassatie tlirou.Lih the animal body can 
I)e followedi up by a measurement of their emitted 
Kidiatioiis recorded by the electroscope or the Oei.i^er- 
Miiller counter. 

(Ireeiiber^ ct al {Jour. liioL Chrni. ^^5. 

rgjoj has followed the metalKilism of sodium in a 
iifjrmal or mildly sodinm-deririved rats by this 
method. The absorjition of ‘labelled’ sodium 
.ulministered as chloride and also its rate of excre- 
tion throu.^h urine have been observed. It has been 
found that sodium is absoilicd more rapidly in the 
•j. astro- intestinal tract than potassium and permeates 
all re.uions of the body where sodium is normally 
present. One exception to this was llie muscle of 
the sodium-low vats which showed a steady increase 
ill the specific sodium content only towards llie end 
of the exiKTimeiit. \o explanation of lliis pei'uliar 
behaviour of the lun.scle ti.ssne has been fnrnisbed 
bv the authors. 

.S. R. 


Synthesis of Nicotinic Acid by the Rat 

It has been estaldislied in man, pi.u and doj^, 
that due to deprivation or dericieiiey of nicotinic 
acid coeii/ynie content of liver and 'voluiUarv 
muscle tlecreases markedly which causes a few 
deficiency diseases. Hut so far no nicotinic acid 
deficiency disease in the rat has been reported. 

Atteni])! lias been made by W. J. Dann and 
n. J. Kolin {Jour. R»ioL Chem., iqp)) to 

find wbetber deficiency of nicotinic acid in the diet 
causes a decrease in the cneiizN ine cmilenl of soft 
tissues and in addition whether the rat is de])eiulenl 
on nicotinic acid. Rais j>rown on nicotinic acid 
deficient diets were found to have a stnnled i^rowth, 
bill otherwise they were acti>e, healthy and normal. 
.Addition of nicotinic acid in the above diet did not 
cau.se any si^^nilicant difference. Kstimalion of 
ti.ssne coeu/.ynie in liver, kidney and thi.uh-mnsck* 
showed a very slii>.ht decrease (lo-i below Ihe 
normal level. 'Pile authors have also offered figures 
oil nicotinic acid balance and have soiiehl to i»rove 
that the rat can synthesise eiiou.uh nicotinic acid to 
mainlaiii a level whiidi may be re.L^arded pysio- 
lotiically normal. 'Phey have come to the conclusion 
contrary to von Kulei’s earlier work that nicotinic 
acid is not a dietary essential and a vitamin for llic 
rat. 

R. 


ACCELERAl UnIG ELEC TRONS 

From the General Klectric Research Laboratory comes the annoiinccnieiit of an electron acce- 
lerator, operalin.e' on an induction principle. It ... ......Pass doii.t^hnut of less* than a foot in diameter, 

looks somewhat like a miniature cyclotron, but is capable of handling electrons instead of positive ions. 
Pile accelerator’s ma.i;iiet, composed of llumsands of small pieces of iron, can be used on alternating 
current. Instead of encircling the ma.gnelic core by followin.i.’ a coil of wire as they do in a power 
transformer, electrons in the induction accelerator are five to circulate about the agiietic core in the 
dMi.ghnut-shaped vacuum lube. Hence they make many revoliilioiis, in .200, oco of uliieli they travel 
» miles, and gain :j, 300, 000 volts energy. W'lieii directed a.gaiiisl a target the electrons from the present 
laljoratory model produce radiation eiiuivalciit to that ot 10 inillicnrics of radium. 


Journal of Chemical Education. 



BOOK REVIEW 


An Outline of Pharmacopoeial Drugs of Vegetable 
Origin— by S. N. lUi., Pli.C., IbS. (Phar.), 
M.C. (Mich.), Curator, rmlustrial Museum, 
Calcutta. Puiilishcd by P. Ciidsii tS:. Co., 
Calcutta, ig4o ; Pp. iv I 74 ; /V/fc Re. 1 fas. 

This Mu.)ii()i*raph i)rcsciits a short account of the 
more imi>ortaut medicinal plants which have been 
classified under (<0 plants numberiiiii; (>6 roco.miised 
in tin* Ihitish Rharwacof^ocia, (b) plants rcco.nniscd 
in the Hiitish Pharmaceutical Codex numbering >05, 
excludinii those of lb P., (c) plants recognised by 
U. S. P. but not nicntioned in H. P. C., and 
(d) plants numbcM'in" 165 used in the Ayurvedic 
system of medicine. The jilants have been arranged 
alphabetically accordini’ to their botanical names, 
but to facilitate references indexes of common 
names have been appended and cross references 
ffiven. I'he plants have also been tabulated accord- 
ing to the families to which thev belon.e. There is 
a short account under each plant .ibout its <listribu- 
tion, use .and the parts used, and the plants found 
in India are marked with asterisks. The dia.erams 
of six important plants are s^iven at the end of 
the text. The paper and printini* are quite eood 
but the bindin.e mi.eht have been improved. The 
mono.eranh does not claim to be complete and we 
wish with the author that in near future he 
will be aide to 'ot down his valuabh' experiences in 
a more comprehensive volume. The ])resenl mono- 
graph will, howe\-cr, be welcomed by .scientific 
workers and manufacture’s of druirs, especially 
when the war has coniTielled people to concentrate* 
on the raw materials available in India. 

5 . G. 


Practical Applications of Recent Lac Research — 

Kditcd by D-? IT. K. vS-n, Director, Indian T,ac 
Research Institute, Namkum, Ranchi, India, 
1040 ; Pp. vi')-75 ; Price Rc. 1 Sas. 

The present l)Ook is said to be complementary 
to the previous publication ^U'ses of Lac** issued 
from the Indian Lac Research Institute. Dr H. K. 
vSen, the director of the Institute, has cyidently 


c\i>anded ami develoi)ed the work of the InsliliitL 
incomparably since he joined it in Considci 

in.s4 that synthetic plastics are Kt'^ttin^^ more and 
more into jjroiniiieiiee in the world market it i^ 
f)l)vioiis that researches on shellac, which is practi- 
cally a monopoly of India, should he carried on with 
sjiecial vi.Qonr, if the market of Indian shellac is 
to he maintained and expanded. As Dr vSen savs, 
however, “In view of the increased demand foi 
shellac, it canm)t he said that its use has hoeii 
re.stricted due to competition from synthetics and 
there is no doubt that each is cateriiii;» to its own 
llelds of use”. 

The ])reseiit lx)ok is eminently practical am I 
profusely illustrated. It .^ives details for seed lac, 
i»aniel lac, bleached lac, hard lac resin, shcPac 
plastics, adhesives, sealin.i> wax, bakini>- varnishes, 
oil varnishes, spirit varnishes, hot sprayin.u' of shellac 
and other applications. This is quite a larij»e list and 
tlie.se are attempts in the ri.qht lino as new uses foninl 
for shellac would be the best means for keepint^ and 
expandin^i: the shcHae market. Apart from this, liou- 
ever, these investii»ation may show that, for certain 
purposes other than those bn* which it is .'dready 
in use, shellac or mcxlificd shellac is particularly 
useful and its value is at least on a par with that of 
synthetic plastics. There is also in the book a 
chajitcr on lac cultivation which .qives scieiilific ami 
])ractical direction on this question. There are sewn 
very useful appendices concerning standard .spe(’ili 
cations, ])leachin.i>: tests and manufacture of chemi- 
cals liVc urea, fcrinaldclivde, melamine, graiiidin 
and calcium stearate, which have been used b\ 
Dr Sen and his co-workers in modifying the pro- 
perties of shellac in various ways. There is a 
bihliograpliy at the end. 

As we have said above the hook is of practical 
value but one does not fail to notice that work of 
fundamental sdentike importance underlies most oi 
these practical apidications. For those who speal. 
only of ad hoc research this is a further example lo 
show that a simultaneous attack on questions o\ 
basic importance and on utilitarian problems is likcl>' 
to yield the best results for the progress of botl^ 
science and industry. 
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The 1«)ok is written in a lucid manner and is 
-ironftly rccomineiidccl to all who are inlLTcstcd in 
;iio subject. 

B. C. G. 


Report of the Indian Institute for Medical Research 
for the years 1938-39 and 1939-40 — Puhlishod 
by the OoverninR Rody of the Tiistitute at 
41, Dharamtala Street, Calcutta. 

Tt is .eood to see from this Report that the 
Indian Institute for Medical Research which started 
nil a very modest scale in Tg.^5 has been maintaininj? 
steady progress since its inception. The Report is 
ilivided into sections concerning the four departments 
of bacteriology, protozoolojry, bio-chemistry and 
nutrition, and chemistry, immuno-chemistry and 
chemotherapy. There is also a report of the dia.ir- 
nnstic section of the Institute. 

This important brochure emlKidies the results of 
researches in all the alvive mentioned departments 
and inives a record of the particular lines on which 
work is i)rocecdin.p: and is con temi dated in future. 
Tile department of bacteriology has carried out im- 
])(>rtaiit work connected with typhoid toxin with B. 
ioJi and enterococcus, immunisation against B. 
Ivf^hosus by oral administration of R. typhoid 
\aocincs, the effect of animal passage on the agglu- 
tinating and non-agglutinating strains of vibrio 
('Indcra, ern/ymos in cholera stool, and the toxicity 
of cholera stool, the role of B. coli in cholera and 
cholera toxin. 

T'he department of protozoology reports progress 
of studies oti the immunity problem of malaria. The 
injection of suitable malaria antigen has been shown 
to diminish the parasite count in monkeys and 
('crtain serological tests have been carried out which 
;mvc the promise that the malaria vaccination for 
I>itients may be a reality in future or at least the 
rc(]niremciits of quinine may be diminished in 
I>;iticiits receiving simultaneous treatment with 
niidaria vaccine. For this work, which is obviously 
of the greatest scientific and practical value, the 
f'ovcrnment of Bengal has contributed a grant of 
k*'. 10,000/-. 

In the department of bio-chemistry and 
autrition the ionisable iron in certain Indian 
hiod-stuffs and in dietaries of students, the effect 
'd cobra venom on the ascorbic acid content of 
didorent tissues of guinea-pigs, the different factors 
involved in the biosynthesis of vitamin C, the 
‘"'Corbigen and ascorbic acid contents of the adrenal 
' i ind, and the chemistry of the anterior pituitary 
hko gonandotrophic hormone of the human urine of 
i ^cgnancy have received attention. 

8 


Problems concerning the clcctrokinelic potential 
of L. tropica, adsorptiem of antigens by antibodies, 
determination of the isoelectric point of T)rotcins by 
microcataphorctic methods, and comparison of the 
elcclrokinetic potentials as measured by the cata- 
phorelic and elcctroosmotic methods have been in- 
vestigated in the department of chemistry, immuiio- 
chciiiislry and chemotherapy. 

The diagnostic section has also published 
valuable results obtained in course of clinieal 
examination, particularly with reference to the 
common bowel disorders in Bengal. 

On a perusal of the Report one would like to 
congratulate the Institute on its work which is lw)th 
of fundamental interest and of practical \'ahie as the 
Institute is carrying on researches under consider- 
able financial stringency. It is good to note how- 
ever that recently both the Covermnent of Bengal 
and the Calcutta Corjioration have given substantial 
grants to tbe Institute. As Dr J. C. Rav, director 
of the Institute, says in the foreward to the Report, 
more funds arc needed for this kind of work whose 
scope is increasing tremendously. It is to he hoped 
that financial support will come to the Institute from 
Jill ipiarters, particularly as it has already earned 
recognition both in India and abroad in the brief 
space of a few years. 

K. C. S. 


Indigenous Drugs of India -by J. C. Ohosh, B.Sc. 

(Manchester). Published bv P. K. Hhosh. 

Pp. .ru + 254 ; Price Rs. 

In a foreward to this book Col. Chopra pays a 
tribute to Mr Cihosh for his “untiring efforts in 
enlightening public opinion in the rather neglected 
field of indigenous drug industry.” The tribute is 
wcll-dcservcd as Mr (^hosh has indeed been a pioneer 
in this field as is shown by the fact that the first 
eejition of the present book was published as far 
back as tqtq. Mr Ohosb fullv deserves the credit 
for realising quite early both the importjince of in- 
vestigations of indigenous drug sources and the fright- 
ful harm that has lx?cn done by the flooding of the 
Indian market with spurious and adulterated drugs. 

The book deals with the methods of scientific 
cultivation and manufacture of hidigenous drugs and 
with the vast future possibility of the development 
of pharmaceutical industry in India, both because 
India abounds in a largo number of pharmacopoeial 
drugs and also because investigations of Indian in- 
digenous plants arc likely to lead to the discovery 
of new medicaments. In this connection, it is in- 
lerestingtto notice that ^Ir Ghosh had published in 
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lyi; certain translations froiii Susruta indicating the 
eflicacy of chaiilinooi'ra oil in leprosy. That was 
before Sir Leonard Rollers’ work on the subject. 

Details re^ardiiij^ sonic iinportant drugs are 
given in a classified manner. The economic aspect 
of the (piestion and market facilities for indigenous 
drugs are discussed. In general a practical tone runs 
through the book as is shown also by an index giving 
lists of Indian vegetable drugs in nine languages. 
There is an appendix for machineries and equip- 
ments required for pharmaceutical industries. There 
are also a general index and a therapeutic index. 


It is however a pity that the book lacks souk 
compactness, as many articles of the author pre 
viously published have lieen reprinted at interval 
in this lx>ok. It would have lx;en lietter if the entii. 
theme had been dealt with as a continuous and logica 
narrative and all these reprints published ;i- 
appendices. The appendix on “useful prescriptions” 
seems out of place in a lxx)k of this nature. 

Those who arc interested in the subject <.i 
indigenous drugs will find considerable useful iu- 
fi)rmation in this little book. 

' jR.C. G. 


RESEARCH INVESTMENT IN U. S. A. 

Private enterprise in U. vS. A. has si)ent as much on industrial res».jarcli during the last three years 
as lias Ix-'cii spent in that country on agricultural research in the past forty years. Kven though the valin. 
of agricultural research has received greater recognition in recent years, and increased funds have, as : 
consequence, been allotted to the various agricidtural institutions for that jiurpose, private enterprise is 
today spending five times as much annually on research as are the combined agricultural inslitulioiis and 
agencies in the TJnite<l .States. 

The following extract from a recent American juiblication lends weight to the claim that moiiev 
allotted to agricultural departments and other institutions for agricultural research is a sound invesl- 
ment rather than an expenditure. Persons interested in the expansion of agricultural research facilities 
by the state and federal Governments have been encouraged by the steady and healthy growth of iigii- 
cullural research, especially during the last ten years which shows an increase in appropriations fn»iii 
$25760, ootj to $44,822,oof^. Expenditures and personnel must continue to grow if our agricultural ageiicio 
are expected to meet the demands continually made on them. 

“Money spent for research is an investment. Any critical examination of the returns secured freun 
the public’s $605,000,000 investment in agricultuml research in the past forty years will show it ha*^ 
given and still is giving excellent returns. Our present annual expenditure of $44,822,000 will un- 
doubtedly yield a very high return. Surely if private iiulustry finds a $250,000,000 investment in indiiv 
trial research essential, the federal, State and other agencies can profitaldy increase expenditures h*' 
agricultural research.** 


— With acknowledgment to the Agrictdlural Gazette of New South 
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Effect of High Concentration Auxin on the Growth 
and Root Formation in Impatiens 

In a previous coinTnimication^ it has been shown 
that like the root-forming substance tloscribed by 
(.'ooper^, the ualiirally occuriing growth -substance in 
the coleoplile of ’J'riiicum is alsf) attracted by the 
liiidi concentration auxin towards tlie regiuii of its 
api^ication and the growth changes in the organ is 
ilireclly related to the concentration of tlie internally 
(.'Diitained horinone at the applied region. The 
iiuestion now arises whether the same substance in 
the plant is responsible for both the activities of root 
formation and growth promotion or are there spcci- 
lieally different substances? 

W’eiit'* suggests that the existence of some specilic 
hormones in the plant, in the form of ealiiies, are 
^eparately responsible for root, shoot and leaf growth. 
According to him caulocaline, coming from the 
r(R>t induces the growth of the shoot, rhi/ocaline 
from the cotyledon or leaf, induces the growth of 
I he ro<jt, and ])hyloealine formed in the leaf and coty- 
ledtm is responsible for the growth of leaf. On the 
other hand, the investigations of other workers pro- 
vide tu'oof that the root-forming and growth-promoting 
Mih^lanccs are identical with each other. Fischnieh^ 
has shown that the callus of Populus nigra may 
pnxliice roots or shoots depending upon the coiiceii- 
I ration of auxin. 

Ill the present investigation the effects of high 
concentration auxin (i% indole acetic acid) have 
heen observed on l:K>tli growth and root-forming 
activities simultaneously occurring in the sjuiie 
'>igaii, the stem of Impatiens. The reactions were 
''liulicd at different regions of the stem and under 
various morphological conditions of the plant. The 
carbohydrate metalxjlisni of the treated and untreated 
legions of the stems was also studied in order to 
imderstaud its relation with growth and root 
' •r Illation. The histological .study of the treated 
'Cgion was undertaken to investigate the responsive 
‘issue for root development and the time of its 
'nitiation. 


In intact plant application of auxin at the apical 
region of the stem induced maximum elongation of 
the plant within nine days, the period of our observa- 
tion ; under central apiilication the growth was com- 
paratively less and under bas.il application the growth 
was less than that of the normal plant. The number 
of routs formed in tlie aiiieally and centrally treated 
r«.“gioiis was almost eiiual ; in the basally treated 
region the number was mueh less. 

W hen the plant was decapitated its normal 
growth was inhiliiled. Treatment with auxin at the 
apical or Ihe central regions under the condition, 
increased the growth almovSt equally and produced 
almost equal number of rotils. 'I'lie growth and root- 
forming activities in the treated plants were, however, 
lessened to a degree under decaiuialcd condition. 

When l)oth the intact and dccajiitatcd plants 
were treated simultaneously at the apical and the 
central regions, roots foiiiied in both the regions 
and there was increase of growth of ihe stem, but 
bulb the growth and rout-tormiiig activities under 
the condition were comparatively much lessened than 
in the plants of which any of the regions had been 
individually treated. This indicates that whether 
the growth and the root-forming activities had been 
brought about by the same substance or specilically 
different substances, they had been divided under 
double application and sufficient concentration was 
ift)t produced in any one of the regions to induce the 
maximum activity in that region. 

When the decapitated plants were completely 
defoliated neither growth of the stem nor root 
formation was possible l.)y application of auxin in 
spile of the presence of root which according to the 
suggestion of WTmt is the source of caulocaline. 

It has been concluded that both the growtli- 
t)omoting and root-forming activities brought about 
by the application of high cemcentration auxin, arc 
similarly effected by the morphological condition of 
the plant and that the source of honnone supply, 
whether, specific or general, are the leaves and the 
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apical bud, since the removal of them affects both 
the activities alike. 

In the normal plant the percentages of both 
reducing ’sugar and total carbohydrate were greatest 
at the apical region; in the central and basal regions 
the amounts were almost eciual and was much less 
than those ijresent in the apical region. In the 
treated regions the percentagii of reducing sugar 
increased up to the third day of treatment and after 
that there was a gradual decline, while the percentage 
of total carl)ohydrate gradually increased in all the 
treated regions. In the untreated regions of the 
treated plant the percentages of both the reducing 
sugar and total carbohydrate gradually declined. In 
the centrally and basally treated plants the percen- 
tages of both reducing sugar and total carbohydrate 
when they reached their maximum within the period 
of our observation, did not exceed those present in 
the apical region of the normal plant but the ratios 
of the total carbohydrate and reducing sugar in those 


Abnormal Spikelets of Paddy, Oryza Sativa Linn 

In our previous note on the subject^ innumerable 
variations in the number of glumes, stamens and 
ovaries were recorded. Irregularity in the shape of 


treated regions were comparatively much higher thai: 
that of the apical region of the normal plant. It wa 
concluded that root formation is related not mereb 
with the increased carbohydrate content at tli. 
treated region but on the high value of the ratio 
of the total carbohydrate to the reducing sugar. 

In the treated region the roots developed from 
the inlerfacicular cambium. "The rudiments of root ^ 
were detected to form even on the third day of tli. 
treatment. 

Bose Research Institute, B. DuU. 

Calcutta, 2Q-I-1Q4T. A. Guha Thakurta. 

* (Julia Tliakurta, A. and R. K. Dutt, Trans. Hose Ri\<^ 
!nsl.. J3, 215, l‘»37-3S. 

“ Cooper, W. L\, Vlanl Physiol., 10, 789, 1935. 

riant Physiol., Il, 779, 1930. 

Hoi. (kiz., 09 . 599, 1938. 

"Went. V. W., Plant Physiol., 13, 55, 1938. 

* I'iselinich, ()., Her. Peiilsch. Hoi. ties., 56 (4), 144, l‘Ms 
Her. Dcitlsch. Hot. Ges. 57, 122, 1939. 


the above parts was also found. The present observa- 
tion is unlike the previous one. 

In a pureline plot of Blue Rose paddy (obtaiiied 
originally from U. »S. A.) at Chinsurah, spikelets ol 
single ear from a normal plant was found to beai 
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iiieiiibraneous outer glumes which looked like oats, 
'riicre were normal ears as well in the plant. 

The total number of abnormal spikelets was 
g (nine) (Fig. i). All of them were observed under 
the dissecting microscoi)e and thoroughly examined. 

The normal spikelet of a imddy consists of the 
following parts : 

(1) Two outer glumes. 

(2) Two inner glumes (lemma and palea). 

(3) Six stamens. 

(4) One ovary with a style and two feathery 

stigmas. 

(5) Two lodicules at the base of the ovary. 

In the present abnormal spikelets two inner 
glumes (lemma and palea), six anthers, one ovary were 
observed as in the normal spikelets, two outer glumes 
tally became membraneous and fully covered the 
inner glumes. There were another set of two glumes 
down below, which were empty, i.e., whose inner 
glumes, stamens, ovary have been abortive (b'ig. -»). 
This has been observed in all the spikelets. Well- 
developed grains were found only in the spikelet 
numbers 5, 0, g and in the spikelet numbers 1, 7, 
jiartially developed grains were noticed. In the 
spikelet numbers 2 and 3 grains did not develop at all. 
'rile grains i>f the abnormal siiikelets were like the 
iionual ones (Fig. 4). In all the spikelets the grains 
were not tightly covered by the inner glumes but 
remained loosely covered (Fig. 3). 

From the above observations it may be concluded 
tlial only the 2 outer glumes in a spikelet were 
metamorphosed and developed into membraneous 
sUucture, There were also 2 other glumes, inserted 
far below the axis of the spikelet, whose inner 
portions, i.e., 2 inner glumes, stamens and pistil were 
abortive. 

The spikelets which developed grains in them 
liave been kept for studying the inheritance of 
abnormalities observed in this ease. 

S. Hedayetullah 
A. K. Chakravarty 

F.conomic botanist’s Section, 
flovcrument Agricultural Farm, 

Dacca, 28-1-1941. 

‘ Hedayetullah, S. and Chakravarty, A. K., SCfKNCK ani> 
3. 177, 1937-38. 


Molecular Association in Amides 

The high boiling points ami dielectric coiislaiils 
of the amides have long l>ccn recognised as the 
evidence for a high degree of associalioli. Smith* 
and Sngden^ measured the i)arachor values of 
certain amides at diiTereiil leinperalures and found 
that they increased steadily with rise of teiiipcralure. 
A drift of this nature was explained as due to the 
presence of aSvSociated molecules at the lower tempe- 
rature. Ihiswell and Rodebiish* from the study of 
iiilra-red spectra of the amides came to the conclu- 
siem that amides show a strong tendency towards 
association. More recently, Saxeiia* studied the 
association in formamide by the us<.? of Raman FlTcct. 

In the course of a general investigation on the 
molecular association in amides and alcohols as 
studied by Raman Ktfect, the aullior has investigated 
some of the ainiiU'S and the present note reports tlie 
results of work on formamide, acetamide and 
urea. The effect of change in temperature and 
dihitioii with water, on the molecular constitution 
of the amides was studied. Fromiiieiit changes have 
been observed in the C — O line. 'I'lie changes 
observed in formamide and acetamide under the 
difTereiit conditions studied show that there is dis- 
sociation of the more complex moleeiiles into simpler 
ones as is evidenced in lormamide by the shift of 
the C — () fre(|ueiicv ib).i to i(>(S(). The 1594 line 
almost disapi^ears at the higher lem])erature and at 
25 per cent, dilution. So, the lower freiinency was 
ascribed to be cliaratlerislic <.)f the associated mole- 
cules. Similar changes in the carbonyl frcipiency 
were also observed in acetamide. 

For an e\]>lanatioii of these results, a considera- 
tion of the molecular constitution of these substances 
in the pure stale is necessary. It is not possible to 
ileduce with eeiiainty w liethci the inlra-iiiolecular 
association is the result of X "IIX or 
bonding, and as the <) — bonding is much 
stronger than X— >H, it could be expected that 
the former tyi>e of binding exists in associated iiiolc- 
c'ules. This is sniiported by the w<)rk of Rodebiish 
and Bnswell'' on glycylglyciiie ethyl ester and some 
of the inonosubstituted amides which show deliiiitely 
a strong infra-red absorption a little beyond 3‘o/4, 
indicating bonded OH rather than Xll. So, the 
associated molecule in an amide can be rcin eseiitcd as 

H 

I 

^ \ 

R. C C. R 

\ 

N— H^O 
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But in such a postulated molecule, the hydro- 
i;eiis not involved in Ixuid formation of the double 
molecule may interfere with the formation of stable 
dimers. So, the association may pnK'ecd to a higher 
stage, as in the case* of i>iire formic acid, and form 
large sized polymers as : 
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-O N-H^ 
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or by the “fusing’* of dimers as: 
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Hill the fonnati(m of a polymer as represented 
in the second type reiiuires the sharing of the 
second pair <)[ electrons on the oxygens. So, it 
could l.)e said that the amides exist in the i)iire state 
as linear polymers as shown in type I. 

Full details of the results will be published in 
the Journal of Hit' fndimr Chemical Society. 

A. ly. Snndara Rar. 

.Andhra Tniversity, 

Waltair, 4-2- 1941. 

Jour. Chcni. Soc,, 2, .^257, 1931. 

Ibid. 125. 1177, 1924. 

Jour. .•)»»<’»'. Chon, Soc., hO, 2444, 1938. 

Proc. Jnd. .Acad. Sci., Jan., 1940, p. 53. 

Jour. Anirr. Chon. Soc., 61, 32.S2, 1939. 


The Quinonoid Theory of the Substantivity of 
Naphthol A. S. and Related Connpoiinds 

The substantivity of Naphthol A. S. and otliei 
arylides of 2-hydroxy-3-naphtholic acid has been 
ascribed by Krzikalla and Eistert^ to the residua i 
affinity arising from the keto-cnol transformation (;i 
the amide group. Hhat, Forster and Vetikataraniaii 
have drawn attention to the possible chelation lu 
tween the hydrogen of the hydroxyl and the carbonx 1 
of the amide group. Though the residual affinity ami 
chelation hypotheses give i)lausible explanation ul' 
the substantivity of Naphthol A. S., they are imi 
adequate to explain the general phenomenon ol 
sub.staiilivity. 
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Wc have been interested in the substantivity ni 
the hydroxy-aryl-ketones for the last two years and 
oiir observations have led us to the belief that tin 
substantivity of Naphthol A. vS. is due to the (iiiinn 
noid change which it undergoes in the presence <'1 
alkali. Thus the sodium sfilt of Naidithol A. S. (li 
has the constitution represented by (II), and tlu 
aiiueous alkaline solution may be a mixture in whicli 
the various resonant forms (I), (II) and ( 111 ) are in 
equilibrium with one another. The quinonoid hyp'*- 
thesis, besides explaining the yellow adoiir of th^ 
alkaline solution of Naphthol A. S. is the only hyp*' 
thesis to explain the substantivity of Ciba Naphtlmi 
R. F. (4-Heiizoyl-i-naphthol) (IV), of the Society <1 
Chemical Industry, Basle,* and of other hydroxy-aryl- 
ketones prepared l)y us (unptibli.shed work). It chu 
also explain the substantivity of curcumin, priniuliiit , 
and other substantive dyestuffs of the azoic, triphcnyl 
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luclhane and other series. We are of oi)iiiion that 
llioURh all the substantive dyestuffs ean be repre- 
sented by the (luiiionoid constitution, the converse 
may or may not be true, h'iiially we wish to einj»ha 
sise the i)ictorial resemblance between the st)dium 
salt of Nai)hthol A.vS. (TI) and tlie disodiuin salt of 
leiico-indifio (V) which is known to be hi.uhly sub- 
stantive to cotton arf both contain the i;roupini» 
-C- C- C--ONa. Complete details will be pub- 
lished elsewhere in due course of time. 


R. n. Desai. 
P. X. Joshi. 

Clieiiii.stry Department, 

V. J. Tech. Institiile, 

Malun.ea, Hombay, 2S-i-i()/|i. 

• j pr. Chr.m.. 143, 50, 

* J. S. n. C., 1G6, 1940. 

P. 211, 23,V 


A New Pathogen Cauaing Decay of Orange Fruits 
(Citrus crysocarpa Lush) 

\ fungus Slysanus wouilioides {Alb, el Schw.) 
Corda was isolated from a decayed portion of an 
orange fruit from Darjeeling district. The decay 
iilarted on one side of llie fruit. The rotted region 
was slightly sunken with a dellnite margin, deep 



Fig. I. 

All inoculated orange .sliowiiig llu- syiiijaoiiis 
of decay. 

(after 10 days at 24°C.) 


1)1 own oil the exterior of the rind and brownish for 
1 short distance inward on the divisions lietu’een 
ihe segments. The affected part of the rind Ijccamc 
harder than the rest. 


Inoculations were made on the rind of healthy 
fniils by placing a few' drops of spore mycelium 
suspension in each of the Iwo uniform '\ouuds made 
ui opposite side of the riinl .it the eipiator. 'I'he 



Pig. H. 

Longitudinal half of llu* saiiu* taiiyi* showing t1 
p.itl t)grii within the fruit. 


wounds were made by removing from the rind, 
with a cork borer, a disc 5 mm. in diameter and 
milt. dee]). After inoculation the disc of tbc riml 
was fitted iigaiii and sealed Iw' parallin. 

Inoculations without injury were also made by 
simply spraying spore mycelium suspension on the 
superficially steiilised rind. In both the cases, the 
fruits were (‘overed by sterilised belljars whicli were 
lined by moist blotting papers. 

It was observed that syniptrmis of the disease 
api)earcd only in tbc case of inoculation by injury. 

Microsc()]>ic exnniinalioii of the infected 
oranges showed that the hyidiae of the fungus pass 
through the intercellular spaces in the rind and 
ultimately attack the pulp. The hyidiae reach the 
central core of the segments and attack the seeds. 
Filially they apiiear through the srift ])ortious of 
the stalk end. The hypha.c were found abundantly 
in the stalks of tbc juicy hairs but not in the juice 

sacs themselves. 

• 

x\im)iig inoculated oranges stored at r2°C, 
and :^7®C res])cctively, those stored at 24°C showed 
higher rate of decay. I'liis is in c<nifr)rmity with 
the fact that the optimum temperature for the 
growth of the pathogen on Czapck*s synthetic .solu- 
tion agai‘ medium was found to be 25®C, with the 
maximum between .>7®C and .-jo^C. 

fii conclusion, T wish to express my sincere 
gialiUule to Vrofessor S. P. Agharkar under whose 
directions the work was carried out. 


Dci)nrtinent of Botany, 
Ibiiversilv of Calcutta, 
Calcutty, 7-2-1941. 


T. C. Roy. 
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The Distribution on the non-null hypothesn of the 
Statistic, the ratio of ‘between Standard Deviation* 
and 'within Standard Deviation’ 

('fiven k indi-pcndent samples ^i, ^2, . . . S u of 
sizes n,, n^, . . . ti k means vj, x._.^ . . . -Vk and 

standard deviations Si, s-, Sk respectively, 

snppf)St.*d to liave heen drawn at random from k 
univariate normal populations witli means nii, 1113, 

. . . . lUk and standard deviations tjii, o., . . . 6,,, 
we first test for tlie hypothesis that • • • • 

If that hy])othesis ai)pears to he reasonably 
tcnalde in the liftht of our observations, we next 
proceed to test for the cfiuality of the population 
means, that is, bn* the hyinithesis that m,~in2- = 

. . . . “nik. This is done by means of a statistic 
13 / W which is distributed as 


It will be noticed that will be zero when and oul\ 
when lUi^nia— . . . . =mk that is, only on what 
we have called the null-hyiwthesis. In that casL 
i^) goes over, as it should, to (i). is in soiiu 

way the j^opulation analogue of 13 / W except for a 
multiplyin.!? constant. It is also iiitcrcstinR- to noli 
that (3) agrees in form with the samplinR distribu- 
tion of the Studentised l)^-f^atistic announced in 
Science and Culture} in 1Q37 and published in 
Sankhyn^ in 1938. I am not aware of the distribu- 
tion (3) having been obtained earlier. A paper 
dealing with the details of derivation will come out 
shortly in Sankhyd. 

S. N. Roy. 

Statistical Laboratory, 

Presidency College, 

Calcutta, 25-1-1941. 


(B/W)’‘-= (1(B/W) 
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Kor certain pnrjioses connected with Neyman and 
Pearsfm’s concept of the power of a test for alterna- 
tive liyixitheses and also with the concept of statistical 
divergence introduced from the statistical laboratory 
some lime ago, the sampling distrilnilion of 13 /\V on 
the non mill hypothesis is needed. The non-null 

hyi)f)tl’.esis in this case is that m,, + m2 + 

+ nik. 'I'he author has recently obtained the sampl- 
ing dislributioii of li/W in such a situation in the 
form 
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' SriKNCK ANI> CuivTUKK, J. 335 , 1937-38 
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Voltage Stabilizers with Negative Internal 
Resistance 

Voltage stabilizer circuits are now in common 
use as source of constant voltage for various physical 
and technological measurements. The internal resis- 
tance of the stabilizer circuits, as ordinarily used, 
is positive and in some cases (piite high. Such 
circuits give ipiite good performance when the 
current drain from the source is constant. In some 
cases, however, it becomes nt.‘cessary to maintain a 
constant voltage even under varying current draiii.s. 
For correct performance the internal resistance of 
the stabilizer should in such cases be zero. Again, 
for special purposes, it may be necessary even to 
increase the voltage of the source with increase in 
the current drain for instance, for compensating 
the increase in voltage across some other circuit 
clement through which the current may be flowing. 
In such cases a voltage source with negative internal 
resistance, rather than a voltage stabilizer, is 
rcnir>ed. 

We have recently in our lalxjratory introduced 
a simple but very effective device in the u.sual type 
of voltage stabilizer by which it is possible to reduce 
the internal resistance of the stabilizer to a small 
positive, zero, or even a negative value according 
to the recinirement. 

The device, the details of which will be pnb' 
lished elsewhere, consists in introducing a variable 
resistance at a suitable place in the stabilizer circuit 
through which the output current is caused to flow. 
The voltage drop across this resistance is applied to 
the grid of one of the control valves of the stabilizer. 
The ultimate effect of this is to cause an increase in 
the voltage output of the "stabilizer** with increase 
in the current drain. 
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It may l)e mentioned that a method of obUiinini? 
negative internal resistance has recently been 
siij^^ested by Hunt and lIicknlan^ They use a 
volta/^e stabilizer havin^^ negative stabilization factor 
together with a series resistance. The method 
suffers from the tlisadvantai'e that in order to Ik* 
clTective tlie stabilization factor has to Ik small and 
the overall stabilization even smaller. The method 
devised by us, is, however, free from such defects 
and briiii^s about the negative resistance feature as 
a property of the stabilizer circuit alone. This 
stabilizer circuit may Ik used with .i*real advanta.ne 
and economy as a bias supply system for the class 15 
mtxlulators used in radio transmitters. The increase 
ill .urid bias which occurs in conventional bias 

supply systems due to the flow of .erid current when 
the Ri'id swin.n is positive may be made zero by 
making the internal resistance of the stabilizer zero. 
'I'lie distortion due to grid circuit regulation may 
thereby be stopped. iMirther, a stabilizer with 

negative re.sistance may be used to reduce the distor- 
tion due to anode sui»ply regulation in class H 
ami)lifx‘rs since the grid bias is thereby made to 
diminish with increase in grid current. This may 
be accomplished with the help of the stabilizer 
circuit and in a manner mere simple and economical 
tiran that of Rockwell and Platts'*' descrilKd some 
time ago. 

My best thanks arc due to Prof. vS. K. ^litra 

for his kind interest and to Dr H. Rakshit for his 

constant advice during the progress of the work. 

Ihiidumadhab Ikuierjcc. 

\Vi reless I . ab.oratory , 

I’liiversity College of Science, 
o.!, l'i)])er Circular Road, 

Calcutta, 7-2-1941. 

Hunt and Hickin.'in, Ri’i\ Sti. Inst,, 10, }), IfMn. 

Rockwell and Plaits, I'ror I. R. E., 2f, 55.^, 


Ssmthesis of Some Degradation Products of 
Phenolic Resinols 

Hv the oxidation of the various alkyl ethers of 
^so-olivil, Vanzetti and Dreyfuss* isolated 3, 4, 4'- 

lelraiuethoxy ; 4, .V-dimetho\y-3, 4'-diethoxy ; 3, 4, 
.V-trimethoxy-4'-elhoxy ; 4, 3', 4'-trimethoxy 3-eth()xy 
benzj)])lKn( ne-6-carlKxylic acids. Tlie two fir.sl- 
named acids have also been obtained from other 
asmols, such as tsugaresinol, iso-larci-resimd, etc. 

A method has been worked out for the un- 
ambiguous synthesis of these acids which consists 
in the oxidation of the appropriate b-methyl Ikiizo- 
phenoiies with potassium permanganate in pyridine 
solution. The acids obtained by the above method 
nc found to have melting points identical with those 

9 


described in literature. Their identity is further 
established by reduction to the corresponding 
plilhalidc derivatives and decarboxylation to Ictra- 
a’koxy iKiizoplKmoiies. Special importance of the 
method lies in the fact that the existing methods 
for the synthesi.s of iKiizoyl Ikiizoic acids are 
inade uiate for the unambiguous synthesis of 4, 
3'-d!methoxy-3, 4'~diethoxy bonzophenone-6-car- 
boxylic acid. The tetra alkoxy-6-methyl beiizo- 
pheiiniies re pi i red as starting material have been 
obtained by the Friedel-Craft reaction between 
ai»propnate comiionents. Condensation of methyl 
creosol with veratioyl chloride gives 3, 4, 3', 4^-tetra- 
methoxy-b-methyi benzophenoiie, m.p. I24-I24°'5- 
(hi oxidation it gives 3, 4, 3', 4'-tetramethoxy 

hen/.ophenone-6-carboxylic acid, m.p. 220-21°, which 
is reduced to cu-)', 4'-dimethoxyphenyl)-4, 5-di- 
methoxy jilithalide, m.p. iS7-i87°‘5, and decarboxy- 
laled to 3, 4, 3', 4Metraiueth()xy benzo])benoiie, m.p. 

A* 3'-dimelhoxy-3, 4'-diethoxy-6-methyl beiizo- 
phenoiie, oblaiiietl from ethyl cieosfd and 3-methnxy- 
4-ethoxy ben/.oyl chloride, has melting point 13^- 
whi'St the melting points of 4, 3bdimethoxy-3, 
4'-diethoxy ben/.opheiione-6-cai])()xylic acid, to -(3'- 
methoxy-4'-ethoxyi>henyl)-4-methoxy-3-elhoxy plitha- 
lide and 4, 3' dimethoxy-3, 4'-dieth<)xv beiizophc- 
noiK* are respt‘clively found to Ik 214°, and 

I2S i2S°’5. The other compounds i)repared are des- 
crilKd below along with their melting points. 3, 4, 
3'-trimethoxy-4'-ethoxy-f>-methyI benzoplieiionc, m.p. 

; 3, 4, 3'-trimeth()xy-4'-ethoxy l)enzoi)hcnone- 
b-carhoxylic acid, m.p. 219° ; 6>-(3'-methoxy-4'- 

ethoxyphenyl)-4, 5-dimethoxy ])hthalide, m.p. 146- 
i .b 4. 3^rimetho\y-4'-ethoxy beiizopheiione, 
m.p. u>7-S° ; 4, 3', 4'-trimetlioxy-3-ethoxy-b-methyl 
benzol •hem nc, m.p. io8-S°’5 ; 4, 3', ,V-trimellu>xy-3- 
etlioxy Ikii ' oi»lien(>ne-b-carboxylic acid, m.]). 1<S4° ; 
oi -(3', 4'-dimethoxyphenyl)-4-mellioxy-5-ethoxy phtlia- 
liile, m.i). i7b-7° ; 4 3', 4'-lrimethoxy-3-cthoxy 

benzophenoiie, m.]). i29-9°’5. 

Fuller details of these investigations will he 
•juiblished in the Journal of the Indian Chemical 
Society. 

My thanks are due to Rrof. P. C. Mitter for his 
helpful suggest ions and kind interest and to ^Ir N. 
('ihosh for canying out micro-analysis of some of 
the c< nipoiinJs. 

P. N. Ragchi. 

Pabt Laboratory of Chemistry, 

Un’versity College of vSeience, 

Calcutta, 7-2-1941. 

• Ciizrilu. 04. m, l‘M4. 

Synthetical Experiments in the Antirachitic 
Vitamin Series 

\\\ the ozonolysis of the dihydromaleic anhy- 
dride adduct of calciferol, Wiiidaus and Thiele^ 
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isolated a ketone C19H34O for which structure (I) 
was assigned. 
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As a preliminary to the synthesis of this ketone 
we have prepared the keto-ester (II). Our attempts 
to introduce a side-chain at the keto-gnmp through 
reaelion with methyl iso-heptyl magnesium iodide 
did not succeed. Other methods for the introduction 
of the side-chain are Ixjing investigated and model 
experiments with this end in view on simpler com- 
pounds are well in hand. After this the eth(»xy 
group will he converted into a carlx)xyl and the 
6-memhcred ring will l)e closed. 

Cyanhydrin of 'y-eth()xyi)ropyl methyl ketone 
was condensed with ethyl s<xiio cyanacetate and then 
treated in siiii witli ethyl /:^-chloro propionate yield- 
ing etliyl-3, 4-dicyano'4 (v-ethoxypropyD-pentaiie-i . 
3-dicarlx)xylate, h.p. 192-105^/2*7 111,111. The same 
dicyano ester was also obtained by condensation of 
ethyl X, /?-dicyan(>-/'l-(7-ethoxypropyl)-butyrate^ with 
elhyl-/:?-chloro proiiionate. It was then hydrolysed 
to i-methyl-i-{7-ethoxypropyl)-2-carbo.\y adipic acid 
under specific conditions. The acid failed to 
crystallise. The corresponding • tri-ester, b.]). 
171-176^/2*7 ni.ni. was subjected to Dieckin.inn 
cyclisalioii, but the resulting /i-ketonic ester could 
not be distilled in vacuum without decomposi- 
tion and was hydrolysed to 2-methyl- 2-(y-ethoxy- 
propyl)-cyclopentanone-3-carboxylic aci<l which was 
obtained as a gum. On esterification the C()rrespc}nd- 
ing aster, h.p. 132-4°/ 2*7 m.m. was obtained which 
gave a seinicarbazone, in.p. 120°, with diniculty. * 

I exi>ress my grateful tlianks l^rof. P. C. 
Milter for his valualVe advice and interest in course 


of the.se investigatiens and to Messrs. N. Ohosh and 
B. Bliattaciiaryya for micro-analysis. 


Palil Laboratory of Chemistry, 

University College of Science, P. N. Bagchi. 
Calcutta, 7-2-1941. 

' .Uni, 521. ItiO. 1935. 

* Diitla, Jour. )ud. Chem. Soc., 17, fill, HMO. 


A New Source of Caffeine 

Tine entire amount of caffeine, necessary for our 
con.snmption, used to be imported from* foreign 
countries Ix'fore the war. As soon as these supplies 


became limited, Indian manufacturers turned their 
attention to the pnKluctioii of caffeine from tea dust 
and tea fluff, which are available in considerable 
(luantitlcs. It is gratifying to note that some Indian 
firms, notably Bengal Chemical and Pharmaceutical 
Works, Ltd. of Calcutta, are now manufacturing 
(luite large cjuanlities of this valuable drug. 

Caffeine is known to sublime at 180° without 
decomposition, and con.se(i neatly it might Ik* pre- 
sumed that a fraction of caffeine present in tea leaves 
would be lost by volatilisation during the roastiii.g 
pnHx*.ss. As a matter of fact, it was noticed that a 
white sooty substance is actually deposited on the 
ceiling of the factory where the roasting operation 
is carried out by means of a hot blast introduced al 
the Ixdtoni of the roasting chamber. At iny reiiuest, 
Mr T. P. Banerjee of tiie Happy Valley Tea Bstate, 
Darjeeling, kindly collected a small quantity of the 
soft greyish white deposit and sent it to me for 
examination. I have lieeii able to isolate from this 
specimen as much as 50 per cent of a white crystalline 
substance, which jirovcd to be identical w ith caffeine. 

The amount of deposit formed per day is no 
doubt small. On a cou.servativc estimate according, 
to Mr Bannerjee, alK)iit 15 g. of caffeine per 100 kg. 
f)f finivShed tea escape from the roasting chanil)er. 
A.s.suming the average cafleiiie-coiitent of tea to be 
3 per cent., the loss represents only 0*5 per cent of 
the total amount of caffeine. In a medium sized 
factory, therefore, the loSvS of caffeine by volatilisa- 
tion comes lip to about 7 kg. per annum. The tfilal 
annual inoduction of tea in India is 20o,ooo,o(X) kg. 
nearly, and consequently the estimated loss of 
caffeine is of the order of 30,000 kg. per year valued 
al over K s . 700 , ckio / - . 

There is no doubt that by suitable and effective 
devices, it would be possible to ree'over a subslaiillal 
part of the caffeine Ust by volatilisation. Tlie 
author intends to investigate various problems con- 
nected w'itli the recovery of caffeine from tea 
factoiies, when the manufacturing o|>erations l)egin 
this year. It might lx* mentioned in this connexion 
that the recovered caffeine, Ixing free from tannin 
and inorganic inii)nrities, would be easier to inirify, 
as was actually found to be the case. Moreover, 
the recovery is not likely to interfere with nortnal 
factory operations, and for obvious reasons, the cost 
of ]>rodnolion is cxi>cclcd to be much lower than 
what it is PxUiy. It w'ould also lx intcreslin.g 
investigate the possibility of recovery of caffeine from 
coffee factories. 

The author desires to express his grateful 
thanks to Mr T. P. Banerjee for his co-operation and 
help. 

Chenihstry Department, 

JJniversity College of Science, P. K. Bose 
Calcutta, 7-2-rQ4i. 
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Need for a School of Glass Technology in India 


TKK use of glass has become a part and parcel 
of modern civilisjition not as an article of luxury 
but as one of necessity. With the beginning of the 
present century and more particularly after the flreat 
W’ar, the glass industry has had a phenomenal deve- 
lopment based on .scientific studies and is no longer 
an empirical art. The manufacture of glasses 
occupies an important position in the welfare of a 
nation and its use for manifold general purposes is 
too well-known to be stressed here. To the scientist, 
wlietlier a chemist, a physicist, an aslronomcr, a 
medical man, or a Ixitanist glass is indispensable. 
In iTifKlern times, glass as the basic material of 
oiTlical devices has become an article of military 
strategy and has greatly helped in perfecting the 
technique of modern warfare in land, sea and air. 
<Vie need only mention the naval and army telescopes 
binoculars, the periscope of a submarine, the 
^JLptical system of the machine guns and anti-aircraft 
guns, and the wonderful bomb sight discovered in 
jAnierica used in fighting aeroplanes. Apart from 
iltesc, glass has recently been employed for the manu- 
facture of such unheard-of articles as fibres, and 
garments have actually been prepared with glass 
fibres for specific purposes. It is marvellous 
tiiat a fragile material like glass could be 
successfully used for the manufacture of furnitures 
iike chairs, tables etc., and even for high speed 
machinery like centrifugal pumps. The principal 
cause of this tremendous development has been the 
uicreasing and organised application of scientific 
methods in the glass industry. While other 


countries have made such an advance in the techni(|uc 
of glass manufacture, our progress in this’ field has 
been very meagre. 

Prior to the outbreak of the Great War the 
condition of glass industry in some of the now lead- 
ing countries, such as Great Ilritain’ and America, 
was very backward and probably not better than the 
present i>osition of the Indian glass industry. A 
considerable portion of their reepu remen ts, parti- 
cularl}' in optical and scientific glassware, were 
supplied principally by Germany and Austria which 
were at that time sufficiently far advanced in the 
technique of glass manufacture. Due to the unsatis- 
factory condition of the home industry, and to the 
total stoppage of all exports from Germany jand 
Austria, Great Britain was exposed to severe handi- 
caps. It was during this period that immediate 
iK’cessily for the training of students and carrying 
out investigations in the various problems of glass 
manufacture was realised, resulting in the establish- 
ment of the Deparlinenl of Glass Technology, 
Sheffield, under Professor W. K. S. Turner, F.R.S.,t 
who had no previous association with the industry 
and was a lecturer in phy.sical chemistry in 
Shcfiicid University. We quote below .some extracts 
from an article by Professor Turner on “The Depart- 


t Prof. Turner was elceted to the fellowship of the 
Royal Society in 1938, and in congratulating him for tlir 
honour, the President of the Royal Society in particular 
stressed his services to the glass industry. 
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meat of Glass Technology : its Foundation and Work 
since 1915” : — 

^*There^ was no member of the University staff to whom 
such problems could specially be referred, and I endea- 
voured, as best T could, to provide an answer after meeting 
the inquirers and discussing the problems in some detail. 

I found it possible, on the basis of fundamental chemical 
knowledge (italics ours), to propose solutions to the 
particular problems, and it so happened that the solutions 
worked.’* 

“Further, with the additional pressure under which all 
factories were operating soon after the outbreak of war, 
the manufacturers began more acutely to recognise their 
technical shortcomings and to express a desire for a better 
undcrstainiing of the fundamental scientific .and technical 
liasis of the industry. I was thus encouraged to proceed 
with my inquiries, and after visits paid to practically all 
the glass factories in Yorkshire, drew up a “Report on 
the Glass Industry of Yorkshire” for presentation to the 
Council of the University of Sheffield.* 

“The West Riding of Yorkshire is the most important 
centre of the common glass-bottle trade in the United 
fwingdom. 

The gjass industry is carried on very largely by rnle- 
of-thiimb methods. 

No courses of instruction in glass tiianufacturc apiK!ar 
to be given in the United Kingdom. 

Very little trustworthy literature exists in the Fnglish 
language on the subject of glass manufacture. 

There is great need of research in glass-making 
processes. 

A consensus of opinion exists among glass manufacturers 
in Yorkshire th.it courses of scientific instruction would 
be very beneficial to the trade. 

At the present time glass manufacturers are in diffi- 
culties owing to shortage of labour and lack of good 
transport facilities. They are, therefore, chary of deve- 
loping along new lines. On the other hand, they are 
unhampered by foreign competition, they recognise the 
un.scicntific state of the industry and they realise that now 
is the tinie to take counsel for the sake of preserving, ainl 
if possible extending the glass trade.” 

“In endeavouring to see such a Department e.stabli.shefd, 
I had IK) ])articular personal wish to take resptmsibility 
indefinitely for its future, as I had other plans in the 
course of development for • the application of chemistry. 
On intimating my view, T was reminded that the Council 
had, through my initiative, set up this new Department, 
and that the least I could do would be to undertake its 
organisation. To this course, I agreed and it was my 
expectation, or at least hope, that it would be possible to 
obtain the assistance of a lecturer with special knowledge 
of the subject. That did not prove possible, but in Mr. J. 
H. Davidson, M.Sc., the first lecturer to be appointed in 
the Department, I had the cordial co-operation and help 

* The University of Sheffield took the lead because the 
city was the centre of glass manufacture in Gqgland. 


of one who knew the ceramic industry and the subject of 
glazes thoroughly in theory and in practice. As the work 
Tq{ development proceeded I became, not unnaturally, 

‘ involved in an increasing number of problems and of 
interests. The great joy of teaching students who, as adull 
men, cl.'iiiioured for information ; the development arisiiur 
through contact with the Ministry of Munitions ; tlu- 
initiation of researches, and hast, but very important, tlu- 
foiind.Ttion of the Society of Glass Technology and all th.^it 
it involved brought me to the st.ite, ere long, of reali.siii^r 
how fascinating is the subject of glass; and soon all thought 
of relinquishing it at the cud of the w.ir passed away. 

I had, indeed, for better or worse, become part and p.'irct i 
of the glass industry.” 

“Tt is to be noted that although representatives of tlie 
industry were encouraged to share with the TJniversilv 
in the fullest sense the responsibility for a progressive 
department, it was some time before they became freely 
articulate. Sympathy ami support, moral and fintaucial, 
were never wanting, and could certainly be relied on for 
expression in an emergency; but, with few exceptions, 
it was only gradually that memhers began freely to open 
their minds in discussion at the meetings.” 

“Graduates from the Departnieut and former mcm1)pis 
f)f the staff now occupy positions of importance in nianv 
glass-works throughout the country.” 

“Since that date 360 original communic.'ilions .ind 
reports, covering a very wide field in glass technology, 
h.’ive been published. The majority of them have li.id 
direct hearing on some phase of industrial operations in 
Ihe indu.stry. There have been a number which have lia.l 
to do with the more, fundamental studies of the nature ami 
constitution of glass, but as a iii.allcr of principle ue 
have definitely avoided h.iving our energies absorbed liv 
problems of too academic a character.” 

“I have often been .asked how it was that wdth a limited 
staff we could provide such an output of research work in 
addition to the many other activities. The only expl.^na■ 
tioii is enthusiasm.! and business-like approach to the 
problem. Tbe end af a piece of research can n.itiiralb 
never he foreseen, nor can the lime required be estimated. 
But with determination and organisation imicli can be 
iloiic to .shorten the time.” 

‘The Department of Glass Technology was the firs'!* 
institution of its kind to be established solely for the’ 
promotion of advanced teaching and research in glass 
technology. While it is an integr.al part of a University 4' 
has .'limed at making itself also an essential part of the 
industry it was founded to serve.” 

The above lines clearly indicate that there was 
hardly any arrangement in Great Britain either for 
training the technicians or for carrying out researches 
in glass technology and how in the absence of siicli 
trained men, pure scientists and science graduates 
have successfully developed this leading institution 
which has lieen mainly resix)nsible for the present 
advanced position of the glass industry in Englainb 
In all the leading glass manufacturing countries, 
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there are adequate provisions for training of techni- 
cians and facilities for research. For example, in Oer- . 
many there are technical high schools at Hanover and 
Karlsruhe under Professors Keppler and Zcliimmer 
respectively who are famous for their researches in 
the field of glass technology. There is the Kaiser 
Wilhelm Institute foi* silicate research at llerliii- 
Dahlem under Professor Kitel, who is a leading 
authority on ceramics. There are provisions for the 
training of apprentices in the factories under the 
control of the.se institutions. In America and Japan 
lliere are several State colleges of ceramics leaching 
glass technology. Next to Germany, U. S. A. is 
prolxibly the most advanced country in glass and 
ceramic research. A very important school of sili- 
cate re.search has dcveloi)cd at the Gcoi>hysicaI 
Ivaboratory, W^ishington under Dr Morey. In 
Czechoslovakia, Austria, Belgium, Prance there have 
heon well-organised centres of training and glass 
lesearch. But what alxmt India? hUsewhere in this 
issue we have surveyed the i)osition of the Imliaii 
glass industry. Kver since 1916, when the Indian 
Industrial Commi.ssion first reported on tlie back- 
ward condition of the Indian glass industry, it has 
l)een generally recognised that this state of affairs 
has been largely due to the lack of proper technical 
knowledge and State patronage. The Government 
have been singularly indifferent in their attitude. 
Pioneering work with great success in the matter of 
Iraining was done by the Paisii P'und Glass Works, 
Tjilegaoii, which has been largely responsilde for the 
eslablishmeiit of this industry in India, but due to 
shortage of funds, it could not develop and expand 
itself on modern lines. 

If the glass industry in India has to be placed 
• on a firm l)asis, it is of immediate importance that 
■ there should be a School of Glass Technology in a 
suitable centre which will arrange for adeciuate and 
eflective provisions for training and lesearch with 
the following objects: — 

1. Training of students in glass technology 
(including refractories and fuels). 

2. Carrying out investigations for the benefit 
of the industry and akso fundamental 
research. 

3- Testing and standardisation of raw materials, 
refractories, finished glassware etc. 

4* Giving technical advice to the industry 

whenever necessary. , • 


The School should be so located that the staff 
may be in active and frequent touch with the in- 
diustry ; it should therefore be established 
in a place having the largest number of glass 
factories. The success of the British attempt is 
largely due to the location of the School at Sheffield, 
which was the centre of glass industry in Kiigland. 
I'requeiit testing and standardisation of raw materials 
and finished goods is essential for an industry with- 
out which many of the defects in manufacture may 
escape detection and may lead to heavy losses. 

Amongst the Indian universities, it is only the 
Benares Hindu University which showed initiative in 
this line. It first opened a Department of Glass 
Technology in 1936. It owed its origin to the 
enthusiasm of certain persons who thought that they 
had discovered a natural substitute for soda ash*re- 
(luired in glass manufacture (Kisheiigarh Slate, Raj- 
imlana) which, if properly worked, would be very 
profitable. But the Benares school has been haiidi- 
ciq)i>ed in its work firstly because there are 
no glass factories within a reasonable distance 
of the city and secondly because there is lack 
of proper organisation. With due deference to 
the University, we may remark that the Depart- 
ment was not carefully planneil and the associa- 
tion of a foreign expert, who was appointed 
by the Congress Government, ostensibly with the 
object of helping the department, but whose duties 
and responsibilities to the department were never 
properly definctl, has not been helpful. The proper 
cour.se for the University would have been to appoint 
•i committee to examine the way in which schools 
of glass technology have grown in other countries 
and then to adopt a plan suitable for this country. 

In deploring the attitude of the Government 
tt>ward.s industries we are sometimes apt to forget 
our own responsibilities and duties. Although in the 
dcveloimient of glass and ceramic institutions in other 
countries their respective ’Governments have played 
an important role, the part played l)y the industrialists 
and the public bodies like the universities has certainly 
been very .substantial. The Indian glass industry 
had so long been struggling for its existence and 
had thus been incapable of making any organised 
effort for its own development. But now it 
is certainly in a much Ixitter and prosper- 
ous position and we expect that it will not 
fail to take lessons from past struggles and failures. 
The feelings of suspicion and individualism should 
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give place to those of co-opcration and organised 
development. It should also help in the develop- 
ment and. organisation of a centre for glass training 
and research in India by generous contributions, and 
save itself from being exposed to dangers similar 
to those faced after the Great War. This is 
the proper lime for such activities since now the 
industry is having a prosperous period and is com- 
paratively free from foreign competition. 

Whenever a proposal is put forward for the 
organisation of sucli a dei)artment, the (luestioii 
regarding the availability of expert technicians is 
invariably raised. The failure to organise 
such departments with the help of foreign 
experts whether under Government or private 
bodies has been amply demonstrated. We feel 
that India will have to develop such institutions 
with the hel]) of her own talents. If Turner and 
Peddle (Dr Peddle was the first re.search scholar in 
glass technology under Prof. Turner, and has been 
largely responsible for the development of optical 
glass industry Kiiglaiul) in luigland, Washburn in 
America, Keppler in Germany, who started their 
activities in glass and ceramic technology as pure 
scientists, could develop leading institutions in these 
subjects, there is every reason to believe that capable 
Indian scientists and graduates with industrial 
etiuipinenl will succeed in establishing the much 
needed institution. We should now .shake off our 
inferiority comi)lex and liave confidence in the 
capability of Indian talents. Some pcojile in this 
country, particularly those in high position are 
charmed with foreign experts because they think that 
like magicians of the Arabian Nights Entertainment 
they would be able to develop an industry overnight 
with minimum of capital and effort, iliit the experi- 
ence of Indian gla.ss manufacturers iu this line has 
not been encouraging and has been well sniiiniaris«<tl 


by the Paisa Fund Jubilee issue, i935i in the follow- 
ing lines: 

“The ft)reign experts were imported all right, but ihcv 
showed little of superior skill and less of training inclina- 
tions. Barring a few* exceptions, they were at the iiioht 
second rate adventurers; the first class men, if any, diii 
not get familiar with local conditions and had not tluir 
usual equipment; besides they fought shy of educaUd 
learners and above all, did not want to disclose what they 
considered as their secret knowledge. Finally, the glas^ 
iiidii.stry, needs nut one hut an army of experts from Uk* 
furnace builder to the packer and sales organiser; and an 
expert in one line was totally a failure in others. The iiio^L 
that early foreign experts did in India, was to initiate the 
people in the elements of glass making; whatever progress, 
is made is made .solely by the Indians theiiiselves. Turning; 
from the foreign experts for whom we have little use, wc 
find the students trained abroad ecpially disappointing'’. 

But to avoid adventurers, caution will have to 
l>e exercised in selecting such peoi)le. After they 
have shown their capability for such work and 
sincerity to justify confidence, facilities should 
be afforded to them for going abroad to maintain 
contact and work in foreign institutions with a view 
to improving their methods of training and research. 
The practice of sending abroad raw graduates for 
industrial training has not and could never be very 
fruitful and was in fact criticised by the Industrial 
Commission as early as 1916. In view of there being 
so many glass and ceramic factories round about 
Calcutta, the latter can be a suitable centre for such 
a school and we invite the alien lion of the Calcutta 
University authorities to this prolilem specially when 
there are already departments in applied sciences. 

We have written these lines in the spirit of 
constructive criticism and for focussing public atten- 
tion on this growing need. \Vc sincerely hope that 
tin's problem will receive serious consideration before 
it i., too late, as we feel that now is the most oppor- 
tune moment for making such an effort. 



The Indian Glass Industry 

A Glass TECHNOLoasT 


^THOUGH modern writers do not regard 
Indians to be the discoverers of glass, there are 
proofs, as for example, the mention in the Vedas'*' 
of female ornaments made from glass, which indicate 
lliat this material was in use in this country probably 
before its discovery whether by the Syrians or the 
Phoenicians. The wearing of glass bangles by Hindu 
women, apart from its artistic aspect, has been 
regarded as a religious duty of womanhood and 
even with the influx of western civilisiition, this 
practice has not been divseontinued. In the medieval 
I)eriod, glass was manufactured in India and the 
si)angle glass still jjrepared in s(jnie districts of the 
Punjab is a relic of those days. Sir Alfred Cliatterton 
ill the Indian Munitions Board Handbook remarked 
as follows: 

“la tlic sixteenth century there was an established 
industry whicli had not advanced beyond tlie stage of 
|)rudueing a very inferior material, utilised almost iniirelv 
for the manufacture <»f bangles and, to a very limited exleiil, 
for small lK)Ules to holil perfumes {alat) and for llasks 
in which to store Ganges water”. 

ll\Riy Hts'i\)Ry 

But in the present times, India occupies a very 
low position in the modern glass industry. The early 
history of this industry in this country is a long tale 
of failures and constitutes an instructive study in 
the history of industrial development in India, The 
lii.st attenipl to introduce glass industry on nuKleni 
lines was made by Whynipcr, manager of the Murree 
BrcW'Cry, who with the help of a German exiiert 
started a glass lx>ttlc factory at Jhelum in 1870. 
The factory was however soon closed down on coni- 
nicrcial grounds. I'he first glass factory under 
Indian management was started at Titaghur (under 
the name of Pioneer Glass Works) in i8go wdth an 
Austrian expert and after a hard struggle of aliout 
ten years had to be closed down due to want of 
technical men, the foreign employees having deserted 
the enterprise. Quite a large numlier of unsuccessful 
attempts were made after this period and most of 

•Watt*9 Pictionary of Kcotwmic Products of India, 
Vol. ni, p. 504 . 


them with the aid of foreign experts. Some of these 
factories, liowever, struggled hard and exist even 
today, though under different names notably at 
Allahabad, Amballa, Bahjoi (dist. Moradabad, U.P.), 
Talegaon (near Poona). 

A careful analysis of so many failures in these 
early attempts to establish glass industry in India 
leads one to .'iscril>e thorn to the following reasons : 

I. I^ack of efficient organisation, i.e., quarrel 
between experts and financiers. 

j. I'oreigii experts’ ignorance of Indian condi- 
tions and ruiaiicier’s impatience for quick results. 

3. Lack of technical skill on the part of Indians 
and consequent dependence upon foreign experts. 

4. The improper location of the factory in some 
cases, as for example, a factory at Rajpur (on the 
Dehra Dun -iMussorie Road). 

5. Lack of any interest or initiative 011 the part 
of the Goveriiinent to help this struggling industry. 

The industry did not suffer due to lack of raw 
materials in tlie country ; since most of tiJern such 
as sand, lime, fuels, refractories w'ere known to exist 
in India. In the case of S(Kla ash, even in the past, 
country -made protlucl was used by S(nne of the manu- 
facturers. 

In the early days of the iiuluslry, the associa- 
tion of foreign exi)erls mostly glass blowers whether 
•Germans or Austrians did injt prove very helpful. 
The Japanese ex])crls w'ere to siwiie extent succes.sful 
ill thesL* attempts and one thing is how’ever evident 
that the iiuluslry atloptecr Japanese methods of glass 
manufacture in preference to those practised on the 
continent of luirope. The reason for this adaptation 
was the suitability of the Japanese pot furnaces to 
.small units, less expenditure in the initial stages and 
to the comparative ea.se of working them, re(|uiriiig 
less machinery. 

The manufacture of glass had fascinated the 
people so much, that even in the face of so many 
failures, fresh attempts had not been wanting to 
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establish the industry in India ; one of the causes 
of attraction being the heavy imports of glass articles 
worth more than rupees two crores and the avail- 
ability of the raw materials in the country. Apart 
from the development of this industry on modern 
lines, the manufacture of glass bangles, a special 
article of Indian recpiirements, was also being pushed 
on in India chiefly at Firozabad in the United Pro- 
vinces where it is said to have been started 
from the Mughal days. This began entirely as a 
cottage industry with very little co-ordination and 
the art of making bangles has passed down from 
generation to generation with the result that there is 
now a definite class of Muslims at Firozabad known 
as Shishgars (the glass makers). The glass bangle 
industry never attracted a large capital and was 
adopted mainly as a part-time occupation of the 
individuals. Ihiring the early days, bangle-makers 
used broken i)ieces of glass and melted them along 
with soda ash from reh or saltpetre in their very 
crude wood-fired furnaces. The products were not 
very attractive and could be sold only at very low 
lirices in competition with the superior imported 
Czechoslovakian and Japanese bangles. One of the 
reasons why this branch of the glass industry did 
not face many failures, although not very prosi)erous. 
was the indigenous character of the technique ; it 
was not an imitation of other people’s practice. Also 
it did not require large furnaces, complicated 
machinery etc. Hence it did not involve much 
capital and consequently it had less risk of heavy 
losses. 

During the period of the early struggles of this 
industry which was mostly initiated by individuals 
not having much financial resources, the Government 
do not appear to have been even aware of the 
existence of the industry at all, and nothing was done 
to find out causes of failure. It is estimated that 
the country suffered a total loss of about half a crord 
of rupees even in these .small adventures. 

The Great War Period 

The outbreak of the Great War gave a momen- 
tary impetus to the Indian glass industry due to the 
stoppage of imports from the major exporting 
countries, which were on the enemy sides. Belgium, 
though on the side of the Allies was under enemy 
occupation and the position of glass industry in Great 
Britain was far from, satisfactory and inadequate even 
to meet the home demands. Japan seized tho oppor- 


tunity and established a very substantial market in 
India, where it had previously almost no position 
licfore the War. The condition of the glass industry 
in India was nearly hopeless though there was a ready 
market and in spite of all efforts, it could supply 
only a fraction of the country’s requirements. 

New factories were opened to meet the demands 
of the country. Several glass Ijangle factories were 
started at Firozabad and it was at that time that this 
section of the industry became well established at this 
centre. Some factories started to manufacture lamp- 
ware, bottles, jars tumblers etc., whilst due to the 
demands of the Munitions Board others are stated to 
have produced even scientific glassware* though of an 
inferior type. The industry had thus an expansion 
in its activities. 

Work or this Paisa Fund Gi.ass Works 

But what were the causes of success in the 
expansion of the industry during the war? Apart 
from the manufacture of bangles, this success was 
largely achieved due to a supply of some capable 
Indian technicians trained by the Paisa Fiiiidt Glass 
Works at 'I'alegaon. 

This factory or we may better say institution has 
played a fundamental role in the development of the 
modern glass industry in India, in that it supplied 
the real need of the industry, viz. trained men. The 
Glass Works at Talegaoii were started in 1908, from 
the collections of the Paisa Fund with L. Ishwar 
Dass Vanshney, one of the pioneers of the Indian 

* This ixissage is taken from Indian Tariff Board Rcjwrt 
of 1932, but we are doubtful if any scientific glassware was 
at all produced. 

t The "Industrial I'uiul or Paisa rund" was first regis- 
tered on the mill October, 1905 and was started inaiiily 
through tlic efforts of an orilinary Maharastra village school 
teacher, A. D. Kale. To enlist the wide support of the public, 
tlic iniiiinmm contribution was one pice per year and that is 
probably the origin of its name. Paisa Fund. Its chief aim 
was the industrial advancement of the country through 
training and being conceived with such lofty and nationalis- 
tic ideals it liad the active support of patriots like the 
late Lokinaiiya Tilak. A number of public men notably 
from Maharastra such as the late Dr Deslimukh, Mr N. C. 
Kelkar served as presidents of its governing body. When 
the funds amounted to about ten thousand rupees, a glass 
factory was erected at Talegaou near Poona, mainly with 
the object of training students in the art of glass manu- 
facture. The funds have accumulated to some lakhs of 
rupees now. Apart from glass, the Fund has extended its 
activities in certain branches of ceramics. Facilities have 
been provided to deserving students for training abroad. 
Although founded in Maharastra and most of its subscribers 
are from that proviuce, the institution has all along been 
cosmopolitan in character. This is one of the rarer institu- 
tions which has amply demonstrated the achievements of 
organised public efforts in the absence of State aid. 
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glass industry, who had received his training in Japan 
and Mr Karandikar, M.Sc., with the specific object 
of training students in glass technology Ixjth in theory 
and practice. This institution was the first to realise 
that one of the principal reasons of the failures of 
the glass industry in India was the paucity of trained 
Indian workers. The, realisations of this fact and its 
rectification by the activities of this organisiition has 
earned for it a unique and honoured position in the 
development of this industry. The technical staff 
of most of the present glass factories in India whether 
managers or glass blowers have either been 
trained at these works or under persons who received 
their training here. India needs more institutions 
with such selfless and missionary ideals and we take 
this opportunity of expressing our appreciation of its 
invaluable services rendered to the country and for 
the very clear judgnient and foresight exhibited by 
its organisers. It is indeed surprising that the 
pioneering efforts of such a missionary organisation 
did not at first receive any encouragement from the 
(h)vernmcnt ; on the contrary it was looked upon 
with suspicion, as is evident from the following 
e\"tract taken from the Paisa Fund vSilver Jubilee 
N'uiiiber, 1935 : 

“During this iwriod (1908-1915) the fund siim*ssfully 
rrmie out of the ordeal of a surprise audit by the C.I.D. 
people who conceiving a certain suspicion of the Fund’s 
activity e.xntniiied its hooks, but to their chagrin found them 
in order and free from any connection with political or 
revolutionary activities.” 

The Indian Industrial Commission appointed 
during the Great War of 1914 appreciated its work 
in the following terms: — 

» “Useful work has been done by the Paisa Fund at the 
Taltgaoii Glass Works and it is certain that the recent 
developments of the glass industry in India have only been 
possible by reason of (he blowers trained in this factory.”* 

Thr Post-War Pkrtod 

After the conclusion of the war, imports of 
.glassware began to pour into India at a very rapid 
rate and the temporary protection afforded to the 
industry due to abnormal conditions created by the 
war almost disappeared. Such a sequel was only 
natural and was in fact predicted by the Indian Indus- 
trial Commission, who based their argument on the 
finding that other neutral countries had also deve- 
loped their resources, particularly manufacture of 


• Report of the Indian Industrial Commission, 1916-18. 
p. 369. 


glassware. Moreover the belligerent countries, after 
return to nonnal conditions, began to inten.sify tlieir 
industrial activities with a view to get back the lost 
markets. The Indian glass industry which was still 
in its infancy and was following laisscz faire methods, 
fell an easy prey to such conditions with the in- 
evitable result that the market was dumped by 
foreign imports and several factories had to close 
down. As a matter of fact, the year 1920-21 witnessed 
the highest imports of glass articles into India as is 


evident from the following Table.* 

Tolal iinport.s 
(in rupees) 

Year. 

1,54,37,010 

1011-12 

1,75,33.965 

1912-13 

1,94,52.795 

1913-14 

96,51.635 

1914-15 

1,06,44,495 

1915-16 

1,50,09,165 

1916-17 

1,62,45,885 

1917-18 

1,24 ,6' >,665 

1918-19 

1,99,80,940 

1919-20 

3,37,61,820 

... 1920-21 

2,22,49,4.^2 

1921-22 

2,59,60,467 

1922-23 

2,45,74,237 

1923-24 

2,60,01,3.38 

1924-25 

2,59,45,644 

1925-26 

2,52,88,239 

1926-27 

2,48,40,850 

1927-28 

2,37,49,480 

1928-29 

2,51,93,168 

1929-30 

1 ,64,77,940 

19.^0-.31 

1,21,97,209 

1931-32 

1,42,46,926 

1932-33 

1,22,13,444 

1933-31 

1.30,75.000 

HW4-35 


Thr Shcond Swadrsiii ^Iovkmknt 

, The second Swadeshi Movement of 1930 gave 
the much needed protection to the industry, which 
was at that time experiencing conditions almost 
similar to the pre-war period. The bangle iiulmstry 
at least owes a debt of gratitude to the national seiili- 
iiieiits of the Indian women for the increasing use 
of indigenous products. The bangle-makers at 
Pirozabad have improved their technique fairly well 
and in (piality their products compared well with 
some of the imported stuflF. The glass industry as 
a whole had also developed and articles much better 
in cpiality than in the pre-war days are being manu- 

• Pcfjsa Fund Jubilee, 1935, p. 94-95. 
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facturecl. There are some factories which have in- 
stalled automatic and semi-automatic machines for 
the manufacture of sheet glass, bottles, etc. The total 
value of the articles manufactured has also increased. 
The tendency to instal l)cttcr furnaces has also been 
growing steadily. Better refractories and even pots 
which are one of the principal requirements of the 
glass indiistrv are l)ciiig manufactured in India. In 
short, it may be said that the industry as a whole 
has made considerable progress after the war and 
si)ecially after the Swadeshi Movement. 

We can now say with some degree of confidence 
that the glass industry has come to stay, after a long 
series of struggles against lieavy odds and this fact 
alone is a tribute to the enterprising spirit and 
stamina of the Indians. It is occasionally said that 
llie Indians lack in skill and enterprise and this is 
one of the reasons of the slow development of indus- 
tries in this country. The example of the glass in- 
dustry establishing itself in this country, in the 
absence of any State aid whether rinancial or techni- 
cal, and mostly developed by indigenous talents 
should be sufficient to contradict the above statement. 
May we say here very politely that the condition 
of the glass indiustry in Great Britain was very un- 
satisfactory at the beginning of the Great War and 
probably not Ixitter than that of the Indian glass 
industry now. The successive growth and develop- 
ment of this industry in Great Britain have Ixicn 
possible mainly due to the increasing application of 
science, as a result of organised research and train- 
ing in which the Government have played a very 
important role. But the indu.stry in this country has 
not been fortunate to receive the patnmage of the 
Government. This patronage is very much needed, 
for even with all the dcvelo])ments, one should not 
forget that the glass industry in India is 
still in a very backward state compared with the 
advanced countries. With few exceptions, the 
glasses usually manufactured are of the soda-1 inic- 
silica type and the technique of preparing special 
and coloured glasses has yet to be developed. Most 
of the glassware produced so far, with the exception 
of some sheet glass manufactured chiefly at Bahjoi, 
is hand-blown. The industry has a tendency to 
improve its methods and expand its activities. 

Indtfperknce op tiik Govkrnmknt 

TJie first authoritative body to invite the atten- 
tion of the Government to help the glass industry was 


the Indian Industrial Commission of 1916, which 
definitely stated as follows: — 

“War profits ntnl increasing practical experience 
greatly strengthened the position of manufacturers; but Ihc 
leehnieal knowledge at their disix)sal is limited, and rapid 
progress is only iiossiblc if adequate steps are taken l«. 
remedy this defect.*’ 

“An orgaiiisalioii is wanted tA take up the whole in- 
dustry, including men who can deal with the furnace pio- 
hleni, the preparation of refractory materials for furnaces, 
crucibles and pots, the chemistry of glass, the tiiaiiipulation 
of the crude product and its conversion into fiiiished forms, 
whether !>>• skilled blowers or by highly complex atuJ , 
setiii-automaiic machinery.** , - 

“Protective tariffs may bolster up the existing factorieV^ 
but they will prove ineffective, unless they give rise to*- 
scientific enquiry and expert treatnient of the. many pro- 
blems involvcil. 'fo establish a tariff and then to trust lo 
private effort is not likely to be productive of satisfactor\ 
results. Clearly, the Slate should take the lead, employ llie 
experts, and place them in charge of practical work; and if 
tariffs arc employed, it should only be so far as is necessary 
to protect the industry in its infancy.’* 

Sir Alfred Chatterton in his article on 11k 
“Manufacture of Glass in India** referred to earlier, 
ill the Indian Munitions Board Ilandlxiok re- 
marked : — 

“The glass industry has come lo stay, but without aid 
from the State, it is likely to make very slow progress in 
the future’’. 

After tile termination of the war, the Govcni- 
meiit did not pay any heed lo these clear and straight- 
forward recommendations and left the industry to its 
own fate. So a crisis was allowed to overtake llic 
industry owing to the sudden dumping of Indian 
inarVcts by iniportecl goods, whereas in Knglaiid the 
home country of our rulers, the same industry was 
Ixjing carefully nursed in various forms so that a high 
standard of perfection and independence could he 
achieved. The only assistance that incidentally came 
to the industry was the increase of revenue duties 
from 15 to 25 per cent, in 1931 during the time of 
general economic depression. 

Tm Indian Tariff Board on Glass Industry 

In 1931, in response to the request of several 
glass manufacturers for protection to the glass 
industry, the Government appointed a Tariff Board 
with Dr J. Matthai as chairman. 'The following are 
some of the extracts from the report of this Board. 

“We arc therefore satisfied that on the balance the 
industry does possess such natural advantages as to jusiifv 
its claim for protection”. 
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“It is generally recognised that even in its simplest 
forms the glass industry is highly technical and requires for 
ils development a high degree of skill and scientific and 
inechanical equipment. The difficulties experienced by 
Tndian manufacturers of glass arc to be attributed largely 
(o the lack of adequate provision for the investigiition of 
^,cientific problems connected with the industry and for the 
training of managers possessing the reipiisite knowledge 
of technology and modern methods of manufacture. We 
arc convinced that unless any tariff assistance granted to 
industry is supplemented by suitable organisation for train- 
ing and research, the progress of the industry will be slow 
and incommensurate with the burden which our proposals 
yviU place on tlie country.’* 

“But along with inve.stigation and research, facilities 
•^slibuld also be provided for training Indians for the posts 
of managers and scientific assistants in glass factories.” 

“In concluding our discussion of these proposals, wc 
desire to emphasise the view expressed earlier in this chapter 
that no permanent development of the glass industry in 
India will be achieved unless provision is made itnmediately 
for research and training on the lines we have suggested, 
find that assistance by means of tariffs alone may prove in 
the long run entirely fruitless. We have ob.served with 
growing apprehension that when proposals arc made by the 
'lariff Board to supplement protective duties with more 
constructive methods of assistance, no tangible efforts appear 
to he made to give effect to such proposals If this practice 
is coTitmucd, the policy of protection may yield few results 
of any value as regards the development of the industries and 
may in the end prove little more than a convenient means 
of raising additional revenues. In our recent report c»n the 
r.aper industry, we pointe<l out how the rejection of the 
Hoard’s proposal to grant direct assistance to the industry 
resulted in unduly delaying the development of bamboo 
pulp. We made a similar proposal in our report regarding 
the. sugar industry as “a condition precedent” to the grant 
of protection, on which also no action has apparently been 
taken so far. Protective duties divorced from the conslriic- 
livc measures proposed in connection with them may repre- 
sent an immediate gain to public revenues but they consti- 
tute in reality an expensive and possibly wasteful form of 
assistance to industries. We are constrained to express our 
views strongly on this question because we feel that unless 
imblic attention is directed to it, important national interests 
may be jeopardised. In no ca.se which has come under 
enquiry by the Tariff Board has this question been more 
forcibly brought to our notice than that of the glass industry, 
i’or this reason we trust that the proposals put forward in 
this chapter will not merely receive sympathetic considera- 
tion but will be implemented without delay.” 

« 

The above lines clearly demonstrate the great 
vniphasis laid by the Board on the immediate and 
complete adoption of the measures recommended by 
it showing incidentally, that it had fully realized the 
tiiischief done by the- JiaJf-hearted and piecemeal 
measures of the Government. The Board submitted 
tt report to the Government in^March 1932, but the 
l?^tter did not issue it till 1935, for reasons best known 


to themselves and refused to do so even on repented 
requests from the glass manufacturers. This report 
which was .so characteristic of the chairman was a 
I)ointed reminder to the Government and strongly 
recommended protection to the glass industry, rc- 
(liiisite provi.sions for the training of technicians and 
for rc.search on adwiuate scale. With regard to the 
latter, its findings were very thorough and far-sighted 
as is evident from the following extracts : 

“We propose that the staff should consist of (uu* glass 
technologist who will be the head of the department assisted 
by one senior assistant and three or more junior assistants. 
Provision should lie made also for studentships for graduate 
research workers and for laboratory assistants together with 
the necessary office staff. Much of the apparatus required 
for the work is already in the Institute (the IT. B. T'erlmolo- 
gical Institute, Cawnpore) but some provision would be 
required for special equipment at the beginning and .also an 
annual provision for materials and equipment and for the 
travelling expenses of the staff. We estimate that (lie total 
annual expenditure will depend largely on the personnel 
of the staff whose work in the initial period will determine 
the ultimate success or failure of the scheme. This applies 
p.'irlicularly to the glass technologist who will bo rcquirc<l 
not merely to carry out the current duties of the department 
but to lay down at the beginning the main lines of work 
and to organise the department. Tie sbonhl, in our opinion, 
be a man who combines the qualifications of a first class 
research worker in glass technology with adequate experi- 
ence of both the practical and commercial aspects of the 
glass industry, lie should at the same time possess sufficient 
personality and tact to enlist the sympathy and co-t>peration 
of glass manufacturers and to work in harmony with the 
management of the Technological Institute and with his 
colleagues. We have pitched our estimate of the qualifica- 
tions required for the head of the department at a high level 
because we arc assured that a scheme of this kind would 1)C 
entirely ineffective unless it was adequately manned. It 
would probably be impossible at the beginning to secure the 
services of an In<lian having the necessary qualifications. 
In that case we suggest that a suitable man should be 
recruited from abroad for a limited period on the distinct 
understanding that at the end of the period his place would 
be taken by his Indian senior assistant. We therefore con- 
sider that the senior assistant should be chosen with special 
care. He should be a person of high scientific attnininents 
preferably with industrial experience and possessing the 
personal qualifications retiuired* for administering the depart- 
ment when he is placed in charge of it; The other assistants 
should be chosen from among young Indian graduates who 
have distinguished themselves in physics, chemistry or 
engineering and have shown an aptitude for research.” 

The Government did not agree with the recom- 
mendations of the Board and turned down the 
demand for protection. This fact alone is sufficient 
to demonstrate the hostile attitude taken by the 
Government, but somehow probably to stop agitation 
they m|ide a show of giving effect to the rccom- 
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mendations regarding research but in their own way 
and the newly created machinery of the Government, 
viz., the Industrial Research Bureau was asked to 
undertake the survey of the glass industry by its 
Assistant Director (who by the way does not appear 
to have done anything on, or known anything alx>ut 
glass previously). This step was quite useless and 
redundant as the report of the Tariff Board published 
just then was quite comprehensive and accurate. 
When one remembers that this report was submitted 
by a Board mostly consistitig of Oovernment officers 
of proved ability, and rank, the duplication of the 
work by the assistant director, who was not a glass 
technologist indicates that the Government did not 
like the Tariff Board report but wanted another type 
of report. 'Phis officer after a long period and exten- 
sive tours, which must have cost enough, pro<luced a 
report in which there was nothing original ; it was 
a rather very poor show by the side of the exhaus- 
tive report of the Tariff Board. It was however 
helpful in one way that it made possible for the 
Government to back out of the embarrassing posi- 
tion of granting protection and rendering technical 
assistance as recommended by the Board, under the 
plea that the condition of the industry was bad, 
mainly due to inefficient furnaces. The designing 
of improved furnace was entrusted to this very officer 
who after three long years produced a design whose 
efficacy is yet to be demonstrated. The Oovtrnment 
thus shelved the Tariff Board’s recommendations and 
asked the industry to wait and hope. We may 
cmiihatically remark here that the appointment of 
such isolated people under Government agencies 
serves no purpose. 

From the foregoing account it is evident thtit 
the Government had not only liccn indifferent but 
even antagonistic to the development of this industry 
in this country. As a result of this long struggle 
and such activities of the State, a feeling of suspicion 
and disgust has grown amongst the manufacturers 
and they do not seriously expect anything from 
Government departments.* 


Factors for Sitcckss of thr Indu.stry 

Broadly speaking, in considering the succe.ssful 
establishment of any industry, the following items 
have to be carefully considered. 

1. Availability of raw materials. 

2. Location of the factories. 


3. Market. 

Direction, both technical and commercial. 

With regard to the glass industry, nearly all 
important raw materials are available in the counlo' 
and with the establishment of the Alkali and Chemi- 
cal Corporation and the Tata Chemicals Ltd. even 
soda ash, a costly and indispensable material in glas^ 
manufacture hitherto imported, will now \k avail- 
able in the country. Moreover, due to the ever- 
increasing demands of the iron and steel industry, 
better refractories arc now available in* India which 
though not direct raw materials, are one of the funda- 
mental requirements of the glass industry. A proper 
and detailed survey of these materials is however 
necessary. 

I/Ocation of factories is certainly a very debatable 
topic and can occasionally make all the difference 
lx?hvecn success and failure. The most salient points 
governing their location are constant availability of 
raw materials, nearness of markets and supply of 
efficient lal)our. Some people however lay great 
emphasis on locating factories near the source of rnw 
materials. M'his is however not always very helpful 
and .sometimes (luestion ()f freight on finished goods 
and nearness of market become the deciding factor. 
Glass is a fragile article and thus liable to greati i* 
losses during transit if it has to be hauled over long 
distances. It is aparent therefore that the nearness 
of the market plays an important part in the location 
of the glass factories and this fact is evident from 
the success of so many factories far removed from 
the raw materials, such as those in northwest U. P- 
and the Punjab. 

Regarding the scope of the market, India imports 
glass goods to the extent of more than one crorc of 
rupees. Moreover, vinth the increase of industrialisa- 
tioii and the general advancement of a economic life 
of the country, there is every likelihood of greater 
utilisation of glasswares. Even if there could be no 
expansion, the present market is enough for its 
development and there need be no apprehen.siotis 
with regard to this point. It is evident that so far 
as the availability of raw materials and scope of ih^* 
markets are concerned, the industry has every thing 
in its favour for further development and expansion. 

Application of Scientific Methods 

Taken as a whole the glass industry is highly 
technical in nature and requires for its development 
a sound knowledge of sciences like physics and 
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clieiiiistry, and of engineering, specially of furnace 
designing, etc. In other countries also, notably 
England and America, the condition of the glass 
industry was not very satisfactory l^efore the Great 
War and as a matter of fact the present advanced 
position of these countries in this industry is largely 
due to the increasing application^ of scientific methods 
li) glass manufacture in the post-war periotl. lu India, 
tile present conditions of technical training in glass 
manufacture and arrangements for research are not at 
all satisfactory. It is to be feared that with the present 
hiickward state of technical knowledge which alone 
apart from other factt>rs has been largely responsible 
for its past miseries, the industry may not be able to 
stand the severe competition to which it is likely to 
he exposed after the iiresent war. The industry 
does possess natural advantages and if it could have 
the benefit of trained Indian i)ersonnel, there is no 
reason why it should not be able to establish itself 
more firmly than otherwise. The present war more 
Ilian anything else has brought into prominence the 
necessity of liaving trained technicians in the country. 
Some other factories, though possessing plant and 
resources, could not avail of the ijresetit opporlimi- 
ties of the markets l)ccausc their experts being of 
enemy nationality have been interned for the dura- 


tion of the war. Fortunately glass industry did not 
have many foreign experts, but the paucity of Indian 
technicians of the requisite standard cannot be denied. 
The problem of technical training and dcvcloi)ment 
of indigenous talents to shoulder resixmsibility 
is therefore an urgent one before the industry. 
\Vc have every reascju to believe that given propr 
facilities, there will be no dearth of scientific talents 
in this country to develop glass technology along 
scientillc lines. In our cilitorial in this issue wc have 
examined tliese quevStions and have indicated the 
lines along which the organisation of a centre of 
training and research in glass leclmology can be 
undertaken. 
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TRANSFERRING SEA POPULATION 

The Soviet Ichth\'ological Research Institute his decided to replenish the fauna of the land- 
locked Caspian vSea and as .a first measure they are transporting Nereis, the Polycliaete worm relished 
hy the sturgeon, bream and other fish from the .Azov Sea in isothermal lx)xes. Experiments during 
the past three years have shown that this worm is able to withstand change iif salinity and temperature 
‘ind is unaffected by lower contents of oxygen. 


— Nature 



The Electric Eye 
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H^JTlIvIZATlON of intangible forces is a character- 
istic of motlcrn technical development. Electri- 
city has swecpingly replaced steam and motor 
power. Radio and television span the universe. 
The light beatn and lately, even the invisible short- 
wave, ill combination with the miraculous photo- 
cell now have become a highly valuable help in 
machinery, traffic, even in sports and everyday life. 
Commonly known as the “Electric Eye“, the photo- 
cell is a rather unobtrusive-l(X)king little device, 
c.g-, a copper di.sc with an oxide coat on one side. 
But it is as sensitive to light as the human eye and 
ama/iiigly, its sensitivity to the visible colours of the 
spectrum follows closely that of our eye, although 
the eye is one of the finest and most cotnplicated 
organs of the body, and the electric eye is just a 
coated metal plate. 


Strange to say, it is even more powerful than 
our eye. Our organ needs the meditation of the 
brain to transform its impressions into actions and 
reactions. The photo-cell, on the other liand, is 
capable of directly transforming light energy into 
electric energy, — a miniature light-operated gene- 
rator. You simply interrupt the light beam aimed 
at an electric eye and you automatically switch on 
the burglar alarm. The beam of your car’s head- 
light w^akes the sleeping little cell and the garage 
door opens immediately. You approach a show-case 
or a shop-window, unknowingly cutting the in- 
visible light connection between a feeble light source 
and the little cell, and thus automatically you switch 
on the window illumination. In these cases the 
increase or decrease in the light amount falling upon 
the photo-tube has influenced a feeble electrical 
current; this current has been amplified and thus has 
been enabled, just by closing a circuit, to start or 
stop a motor, switch on the light, ring a bell, sound 
a horn. 

Elevators in American modem houses level 
today perfectly as they stop at the various floors. 
Thousands of electric eyes are at' this job. Two 
of them, one at the top and the other at the bottom 


of the elevator, are covered and thus protected from 
light rays when the elevator is in exactly the right 
position ; if it stops too low, the upper cell is un- 
covered and, energized by its light beam, operates 



Formerly it lias heen the practice to tjirii beacon ainl 
airiM)rt^ lights on and off with an astronomical clock, 
the switches being set to close 15 minutes before sunset 
and 30 minutes after sunrise. Now the United States 
Department of C.omme.rce has set up installations using 
lUectric Ryes. They actually “see” the amount of light 
received, regardless of hours and minutes or any source 
of information other than light intensity. They are i'O 
reliable that they function if heavy clouds should cut tin* 
light below the intensity required for safely even at 
high noon. 


a relay to pull it up to the proper position ; if 
stops too high, the lower cell ip a like manner pulls 
it down. No more warning is necessary to “watch 
your steps” in passenger elevators. And for freight 
elevators where materials have to be rolled on and 
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off it is of still greater importance that they are 
exactly level with the floor. 

Speaking of elevators, the Wcstinghoiise safety 
ray is a modern device of protecting passengers 
entering or leaving an elevator from l)cing hit by 
a closing door: two light beams cross the door- 
opening, hitting two hhoto-electric tubes ; the inter- 
ruption of either ray by a man or a child or even 
a little dog causes the door to remain open or if 
closing, to rc-open. A similar device prevents game 
from escaping in a European national park. It 
would lx: a troublesome job to open and close the 
gate of the highway crossing the park. Therefore, 
instead of a gate several light rays cross the park 
exit and when interrupted relay a loud horn and 
switch on two coloured searchlight beams. The 
frightened game, whether stag or jack- rabbit, 
immediately turns back and never tries to break 
through that barrier of sound and light. Passengers 
may cut off this light and sound barrier for a short 
time when passing through the invisible gate. In 
a Washington park some time ago a similar auto- 
matic control had been set up where a bridle path 
crossed a highway, in order to allow e(iuestrians to 
cross safely. First, it was tried out with one beam 
and one electric eye ; that did not work because 
pedestrians passing in front of the cell caused the 
traffic light lo operate, thus incessantly holding up 
the motor traffic ; this difficulty was overcome by 
installing two such relays at the side of the bridle 
path, about three feet apart, arranged so that both 
would have to be affected simultaneously to operate 
the signal. A passing horse was large enough to do 
that but a pedestrian could not affect both electric 
eyes at once. 

The flighway Commission of the State of Cali- 
fornia at many key points has installed electric eyes 
to count the number of vehicles passing over its 
highways. At each checking point two invisible 
light beams are thrown across the road. Whenever 
a vehicle breaks the ray another number is turned 
up on the mechanical counter at the roadside. The 
hourly totals are printed on paper tape, differentiat- 
ing traffic moving in both directions. In most 
American tunnels and on important bridges similar 
counting devices are to be found. 

Once a well-known Aiiiericaii department store 
iu.stalled automatic photo-cell counters at all of its 
doors, checking accurately the number of customers 
entering the’ store at various times of the day. A 


large gasoline company used the same method lo 
determine the host locations for new gasoline stations. 
To verify where traffic was heaviest, automatic 
counters checked on the number of passing cars at 
every proposed location. 

Even law-breakers may be trapped by the 
invisible tape between a light bulb and an electric 
eye. The Free Zone of the Staten Island Harbor 
of New York has been protected against smugglers 
!>y a chain of rays, reflecting mirrors and ])holo- 
cclls, just as many houses have been defended against 
burglars and kidnappers. Another such device is 
tise<l to convict speeding motorists : two electric 
eyes, spaced alx)Ut half a mile apart and connected 
I>y an electrical circuit, measure exactly the speed 
at which your automobile is moving. If the velo- 
city exceeds the legal number of miles per hour, the 
device switches on a red warning signal ahead of 
you, “Voii are driving too fast!” Then you had 
better slow down Ixcaiise if this warning is not 
heeded, a policeman will be sent in chase. 

Opening of garage doors by the beam of the 
headlight was one of the finst accomplishments of the 
then new electric eye. In Cincinnati's City Tran- 
sportation Company’s new garage there is an auto- 
matic car laundry where the electric eye does an 
even better jol.) : one blink from the headlights and 
the magic photo-cell starts brushes rfx:kiug and water 
spraying to wash a Inis in forty seconds. 

It is humanly impossible lo ride a bicycle 
in the groove of a street car track. But for an 
electric eye even the most incomprehensible 
becomes possible, as the “Phaiitocycle” proves, 
a riderless phantom bicycle developed in the 
W’estiiighouse research lal>oratories at East Pitts- 
burgh. There is no belter rider and balance keeper 
^thaii the electric eye which steers this bicycle with- 
out a (juiver along the narrow groove formed by 
three proi)ulsioii rollers. Steered and balanced by 
one photo-electric cell, “bike” in a test run 

made 2tS miles an hour and is able to maintain this 
pace for ycais, unsiUiported by wires or braces. It 
can easily bear a three-pound sidewise push against 
its saddle before losing its balance and falling into 
its safety catch. The “beam ride” starts when a 
light l)eam strikes a mirror under the bicycle’s pedals 
which reflects varying amounts of light toward the 
electric eye as the bicycle tilts from its upright 
position. The eye seems to sense the tilting, trans- 
forming the varying light energy into an electric 
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current which is amplified and delivered to resist- 
ances controlling a regulating motor. The motor 
steers the front wheel of the bicycle and moves two 
weights balancing it, the larger one attached to the 
front mudguard, the smaller one fastened to the 



All Klectrii; is the only rider niid balance keeper of 
this phaiiloin bicycle, called “PhaiUocycle”. 'Phe rider- 
less bicycle makes 28 miles an hour and in.iy mainlaiti 
ill is pace for years wilhoui tilting. 'Phe Phantocycle 
hjoks like a toy but it has been developed to clcmcns- 
irate the principle of a position regulating equipment 
employed in many industries. 

handlebars and hanging over the front wheel. These 
.stabilizing weights correct tilting just like a circus 
rider would balance a bicycle on a light-rope by 
changing the pOvSition of his balancing pole. 

This magic Phantocycle is not a mere toy 
devised Iiy some playful •engineers. On the con- 
trary, it has been developed to demonstrate the 
principle of a position regulating eciuipmcnt now 
employed in many industries and even military 
appliances, as in paper or steel sheet mills or in 
coast defence searchlights. For example, in the 
same laboratory there has been developed a photo- 
electric device which translates reflected light from 
a dark guide line on a paper roll into electric energy 
to control a reversible motor. The motor then main- 
tains the position of the roller, holding the paper in, 


a straight path while a knife cuts it, thus making 
it j>ossible to wind even rolls of paper or ccllojihanc 
from uneven rolls and slit them in straight lines. 

Another such electronic control permits cutting 
of paper bags from a printed roll, with definite rela- 
tion to the position of printed labels or patterns, 
providing an accuracy of i/3J^ of an inch at speeds 
up to hundreds of feet per minute. The United 
States Anny has adopted a device similar to that 
used in the Phantocycle to direct giant searchlights. 
These arc so bright that an observer .standing near-lw 
is blinded. But by a suitable electrical connection 
he can direct the light l)eam from any distance, out- 
side of the glare, simply by “aiming’* a pair of 
binoculars mounted on a movable arm. Kvery move- 
ment of the binoculars sends an electric impulse to 
a regulating motor on the searchlight, and the motor 
and its bilancing equipment aim the light. 

Thus the electric eye provides control where 
mechanical contact cannot be made. The invisible 
light beam, travelling through space like the radio 
wave, causes a variety of reactions intended to help 
workers or to protect them. There are many 
machines in our factories on which a plioto-eleetrie 
device protects the worker from being injured. As 
.soon as his hand gets into the machine’s danger 
zone, it interrupts a light lx?am and the photo-cell 
closes a circuit which stops the machine. 

The basic idea of all these photo-electric con- 
trivances is always the same, whether the cell 



Accounting departnients of public utility companies, 
banks, etc., must hanrlle and sort cards, bills, checks, 
by thousands daily. A photo-electric sorting machine 
retids the markings on such slijjs of paper in a fraction 
of a second and puls each in its proper Compartment. 
The writing which the machine reads is not in letters 
but in a simple code of marks stenciled on the cards at 
, the same time as the customer’s name. 
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responds to a visible or invisible light ray and relays 
machinery for counting or automatic weighing or 
graduating for size or thickness ; or whether the 
tube responds only to short-wave radiations for 
measuring the ultraviolet output of arc lights and 
sun lamps, as a recently dcvcloiied apparatus docs. 

Transmission of l>ght through thin material has 
also l)ecn measured by means of an electric eye, 
with more accuracy than any human eye is capable 
of. The eye has been used for niatching the colour 
of transpawint liquids such as oils, varnishes, 
lacquers, and solutions. The photo-electric com- 
parator indicates, on a dial, the depth of colour of any 
sample in comparison with an arbitrarily selected 
standard. Electric eyes help to make perfect tin 
catis. In an American steel mill, a row of them 
watches a thin steel sheet racing 700 feet a minute 
on its way to become tin cans. The eyes not only 
sec liny pin-pocket holes as small as 1/64 of an inch 


across but they also operate a device to mark each 
hole. Being at least as sensitive as human eyes, 
electric eyes may record the slightest changes of 
light intensities. Cigars are l)eing sorted auto- 
matically according to their colour. By the colour of 
heated material the eyes may determine its tempera- 
ture, c.g., by its redness the temperature of steel 
parts Ixjing heat-treated, within a preciseness of 25 
degrees Fahrenheit. 

Light clianges lasting as little as 1/5,000 of a 
second may initiate a control function by means of 
an electric eye. No wonder that this miraculous 
artificial eye has been introduced in modern sports 
where quickness and speed mean everything. 
Ilumiin eyes and hands are unreliable in timing to 
a fraction c)f a second, and thus modern electric 
timers making records of the start and finish in a 
race utilize electric eyes and light rays which arc 
broken by the runners. 


TRAINING IN MANAGEMENT OF RESEARCH LABORATORIES 


In recognition of the rapid development of industrial research, combined with its growing importance 
in the national defence programme, the New York University College of Engineering will offer tlie first 
course in the country (U. S. A.) in research laboratory management. It is estimated that there lias been 
a 100 per cent, increase in the number of research laboratories established since 1Q57. These facts have 
caused problems of management, administration, and accounting in a branch of industry which 
heretofore has been comparatively free of budgetary restrictions, onerating policies, and administrative 
organiziition. This tremendous growth had demanded of industry that it seek men trained in administra- 
tion, accounting, organization and management who have considered the problems peculiar to this new 
industry in the light of its unusual functions. 


-Journal of the Franklin Institute. 
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'£NDIA stands today on one of tlio lower ninffs of 
the ladder of scientific progress and in the appli- 
cation of scientific knowledge to the solution of 
various problems — industrial, nutritional and so on. 
As in other countries, so in India also, it is necessary 
that a real understanding of science becomes "a part 
of the common life of our times*’ and “it is important 
to see that adult minds have the oi)f>ortunity of 
appreciating what science is doing and how it is 
likely to affect human life”. To the application of 
scientific knowledge there is f)pt'>osition from the 
people, due to ignorance, prejudice and superstition. 
Some people have a distrust for science because, as 
practised today, its progress means to them un- 
employment. All this is because the function of 
science is not properly understood. Dis.semination 
^f .scientific knowledge on a much larger scale is 
necessary in India, liecausc there is hardly any 
country in the world which needs the apidication of 
science more than India. The various agencies 
through which this can be achieved arc the educational 
institutions, the press, the radio, the cinema, the 
libraries and the amateur science cluVw, 


Educationai. I nstitutk )NS 

llic educational institutions can \'eiy well help 
in this work by arranging lectures on scientific topics 
by memliers of the staff, as far as possible in modern 
Indian languages. The lectures should be simple and 
instructive and should l)C illu.strated with lantern 
slides and experiments. 

Popular scientific lectures in Gujarati and 
Marathi are arranged every week at the Royal 
Institute of Science in Bombay and the response so 
far has been good. People arc interested in the 
lectures and appreciate them. Questions are asked 
at the end of the lectures and some would no doubt 
follow up the lectures by detailed reading if suitable 


lK)oks were made available to them. This example 
should be followed wherever there are science colleger 
in India. It is not certainly too much to expect that 
Ihe members of the staff would once in a week pre- 
pare a popular lecture for the public without a 
thought of remuneration. Another effort which can 
l>e made by such institutions is to hold every yeiir 
.scientific exhibitions. People seem to have a fancy 
for exhibitions and would flock to a scientific 
exhibition even if a nominal fee is charged to defray 
the expenses. 

Prkss 

The press can do valuable service in spreading 
scientific knowledge, especially in this country, when' 
the financial condition of the i)eople more often than 
not prevents them from subscribing to scientific 
journals and buying lx)oks on popular science. In 
spite of i)ublishing sporadic articles, the newspapers 
should have a planned publication schedule, say a 
series of articles, on human biology, health and nutri- 
tion, production of necessities, communications 
(telephone, telegraph etc.) and so on. This can best 
l)e done by an adetpiate science news service, pre- 
pared by competent scientists and circulated to the 
press and wherever possible by the appointment of 
science editors, primarily journalists with a back- 
ground of scientific training. Wherever this is not 
possible the press should get articles from the right 
type of persons, — those who know the subject pro- 
IHjrly, and not from those who have an incomplete 
knowledge and attempt to present a scientific dis- 
covery in a spectacular but often in a distorted 
manner. 

Radio 

Radio is one of the potent weapons of educating 
the public. But unfortunately in this country one 



Dissemination oe Scientieic Knoweeix;ic in India 


671 


April, 1941 

finds hardly any systematic attempt at popularising 
science through this medium. There are occasional 
arrangctiieiits to broadcast scientific talks, but all 
llicse random talks will lead us nowhere. What is 
wanted is a well-planned and systematic arrange- 
ment. The radio stations seem to lx; filled up mostly 
with persons who have little or no idea of the 
advances in science and are not in a ixisition to 
select important talks on scientific subjects, or do 
anything in the proper dissemination of scientific 
knowledge, although they may Ix' doing admirable 
work in arranging entertaining talks on other subjects, 
'fliere is a need of having competent persons trained 
scientifically to handle talks on scientific subjects, 
select the right persons to deliver such talks and 
arrange systematically to impart scientific knowledge 
to lx>th children and adults, as far as possible in the 
modem Indian languages. The broadcasts should 
aim not only at mere imparting of knowledge, but 
should also appeal to the peoide to remedy the 
various defects in our living conditions by scientific 
methods. Radio is an important medium through 
which we can reach the villages and bring about a 
change in the living conditions and make them give 
lip harmful practices. 

Further, just as we have ordinary news service 
everyday, and every week a survey of the sport 
during the week on the radio, can we not have a 
weekly or fortnightly science news service when 
imiiortapt events in the scientific world arc reviewed 
—not necessarily of that particular fortnight, but of 
the past couple of months, compiled by gathering 
information from leading scientific pcrioilicals ? Such 
news may be broadcast only from one station in 
India and relayed by others. The value of such a 
review would be of course enhanced if arrangements 
are made to broadcast the same in modern Indian 
languages from different stations. 


Cinemas 

The cinemas can play a useful role in the spread- 
ing of scientific knowledge. If our cinemas are not 
only to entertain but instruct, there should be a 
;^hort feature of, say, alx>ut ten minutes Ixjforc the 
beginning of the main feature, on some scientific 
topic, with a running commentary or suitable expla- 
natory titles in the Indian languages. A start has 
l>cen made in this country in the production of docu- 
nientary films by some studios, but, such a move- 
ment must gain momentum. A comprehensive pro- 


duction of such films has Ixeii started in Hritain by 
the creation of the Scientists’ I^^ilm Group which 
ensures the collalxiralion of a nnmlx'r of scientists 
in production. This might well be emulated in this 
country and we hope that the r>rganisations which 
guide the destinies of film industry in this country 
will do the needful. It has been said th.at docu- 
mentary films have no market in this country. If 
such films are made a regular feature in our shows 
the pcoi>le will take a liking to them a market will 
lx; created and the long talked-of educative value of 
the cinema will become a reality. For exhibition in 
schools, films workable on baby projectors shall 
have to lx; made and must lx* cheaply available. 
Messrs. Kodak iS: Co. are maintaining a library of 
such films at lloinbay and Calcutta, but the films 
are in Fnglish. Still however they do serve a useful 
purpose ; how’ much more would they be useful if 
such films were made available in some of our Indian 
languages. 


IjnRARIKS 

Library facilities form another link in the chain 
of attempts to popularise science. The library move- 
ment in India is in its infancy and wherever public 
libraries exist they mostly contain novels, thrillers 
and other popular literary works, w'ith the result that 
those who are interested in scientific books find if^ 
difficult to inocure them. To a certain extent 
libraries can mould the public taste by stocking good 
Ixoks on scientific toincs. The university authorities 
and the authorities f)f various educational institutions 
should open their libraries for use to the public, if 
not for the whole day, at least for a few^ hours of the 
day, say, in the morning or in the evening and if 
possible, on holidays. 


Amateur vScience Ctatb.s 

Knthusiastic memlxrji of the community can 
form science clubs v\here dismission and even some 
actual work can be carried out and the members 
can exchange information on their hobbies like 
photography, astronomy, radio, gardening and so on. 
The contribution of amateurs to science cannot be 
denied, for, were not some of the greatest dis- 
coveries made by amateurs? Such clul>s can arrange 
visits to lal)oratorics, factories and places of scientific 
interest which is an important aspect of a real 
understanding of science. A recent issue of Science 
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contains an interesting note on how in America 
attempts are made to mobilise amateur talents. “To 
test the effectiveness of the work on the part of 
amateurs as well as to bridge the gap l)ctwecii the 
general public and pure research has been the pur- 
pose of a programme in the Philadelphia area con- 
ducted by the Committee on Education and Parti- 
cii)ation in vScieiice under the supervision of the 
American Philosophical Society. A series of pro- 
grammes have lx;en carried out by the Committee, 
whereby amateur seientists in Philadelphia area 
working on a voluntary basis, are tnaking original 
observations and compiling data in the fields of 
botany, climatology, physics and radio and zoology 
under the supervision of professional scientists. Jn 
botany, laymen observers have been engaged in 
phytophenological studies. They have recorded in a 
systematic form the opening of petals, the shedding 
of iiolleii and the maturing of fruit of some 115 of 

local spring and summer wild flowers Iii 

the field of radio, amateur operators who agree to 
co-operate, fill out charts with technical information 
concerning rece|)tions, fade-out, skip distance records 
and data obtained in the course of their normal eon- 

tacts fn the field of zoology, amateur 

naturalists have made intensive local studies of 
reptiles, amphibians and insects by tagging or other- 
wise marking them and studying their feeding, 
growth, maturing and other habits. . . . The vohin- 
teers rcjiresent dwellers in urban and suburban com- 
munities with varied occupations and interests in- 
cluding business men, stenographers, engineers, 
housewives, teachers and others.” 


llOOKvS ANP JOURNAr.S 

All attempts at popularising science must be 
backed up by the publication of good and chcaj^) 
books on scientific subjects in modern Indian 
languages. An ideal method would be to have an 
all-India body \vhich won\d invite people whom they 
think competent to handle particular subjects to write 
short popular books on the same, for certain fixed 
remuneration, either in ]{nglish or in the mother 
^ongne of the person concerned. They can then be 
translated into different Indian languages. In the 
' absence of such a body the various educational 
societies should take up the same task locally for 
o.ach linguistic province. They should at the same 
time try to got translated any useful Ixwk written in 
a language other than their own. These books 


should be as cheap as possible. The various six- 
penny publications in English are serving a useful 
purpose in the propagation of knowledge. A low- 
sale of books in modern Indian languages is IkiuikI 
to affect the ’price, but then, it should be seen that 
there is no uiuluc increase in cost due to exlr.a 
vagance in production. The sale of books of a 
scientific nature in the Indian languages will Iv 
limited unless the appeal of science becomes nioix* 
wide-spread, Imt, is it not also true at the same liiiu 
that unless there are goo<l bixiks available in om 
own languages the appeal of science' will never 
l>econic wide-spread ? 

The same api>lies to popular science journals. 
The enormous miniber of popular science journals in 
English are an indication of the fad that laymen 
are interested in scientific topics. There is indeed 
scope and need for having at least one such journal 
in each of the modern Indian languages. 

Work p'or our v^tudknts 

Can wc not in this country make a beginning? 
Here students can do a gof>d deal of work. If 
students, especially those studying in colleges, are 
instructed properly in the collection of data on 
specific subjects, they can do this work in their vaca- 
tions, and as some of them go to their native places 
on holidays, a good deal of data on, say, the tyi)e 
of food consumed, indigenous medicinal and other 
plants, mode of agriculture and so on can Ir? obtained 
for different parts of the country. The same students 
with adequate instruction in dietetics, agriculture, 
common diseases like malaria and so on, may Ixi able 
to impart this knowledge to the people in their native 
places and if such an attempt is made by all the 
educational institutions in India, much can be done. 
If only the people at the top arc less apathetic and 
give a direction to the students! By this method 
it will be possible to a certain extent to speed up 
the dissemination of scientific knowledge in llic 
villages which is very important. Villages at the 
present day form the backbone of India, and from 
here tlic resistance to scientific method of approach 
is greater, lx;cansc^ superstitions and prejudices rci.en 
supreme. If therefore in oiir efforts wc cannot touch 
the villages, wc shall not be able to do much. It 
only by the enlightenment of people who form a link 
between the city and the village that this knowledge 
can l>e effectively transmitted to the villages. The 
other method of touching the villages by means ol 
broadcasts has already been mentioned. 
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Work in otiikr Countries 

It will not be out of place here to sec how the 
•scientific outlot:)k is cultivated in the U. S. S. R. 
This has l^eeii briefly summarised by Dr Ruhemaiin 
in a note. Some of the striking measures he men- 
tions arc as follows*: — 

(1) Great attention is «iveii to natural science 
ill the schools and scientific rcasonini*- is everywhere 
applied even in school subjects not strictly involvin.c 
natural scdence. 

ft 

(2) The “Pioneer Houses” (cliildreiTs cliilis) are 
L(iiiipped with excellent science laboratories and 
exhibits, and the children are encouruKed in every 
way to develop scientific interests. 

{3) Every Soviet newsiiaper prints leadiiii* 
articles on scientific and technical subjects and the 
results of science and en;;ineerin.t; arc front pa^e 
news. 'Hie prcxluction fii;ures of the leading indus- 
tries, coal, ferrous metals, tiansport and motor bus 
are imblished daily in the central and local press, 
and are keenly studied by the public, who know very 
well that all the amenities of their daily life depend 
on these* figures. 

(4) \Vell-st(K*.ked scientific and technical lH)ok- 
shops are as frequent in Soviet towns as tobacconists 
are in London. I'he Ix^oks are good and cheat) 
every one Iniys them. Every factory and every Stale 
and collective farm has an extensiw liliiary of 
l)opnlar and advanced scientific and tee'lmical 
literature. 

(5) Iwery one who is interested in scientific 
knowledge has ample opportunity to develop it. He 
may pass from the elementary school to the factory 
school, from here to the workers’ evening school and 
thence to the University or technical college without 
paying a penny, .simi)ly by passing the examinations 
in which each course of education culminates. The 
directors of the organistitions at which the man or 
woman is working are obliged to give them every 
chance of improving their knowledge. 

(6) In every factory all employees arc obliged 
to attend the classes at which the particular branch 
'»f industry in which they are engaged is expounded 
and discussed, including the scientific facts on which 
the process is based. Wages arc adjusted to the 
ixsnlts of these examinations which are repeated at 

• Quoted from Appendix VII of the book 'Social Function 
Science* by J.' D. Bernal. 


regular intervals. In 797, 000 workers, ad- 

ministrative functionaries and economists went 
through these courses alone in the Commissariat of 
Heavy Industry. In 1937 the number was much 
greater. 

(7) The Stakhanov movement (named after an 
enterprising young miner who succeeileil in rationa- 
lising his work in the pits, and whose lead was 
followed by many thousands of wt)rkers in all 
br-iuiches of industry and agriculture) is actively 
encouraged by all those in authority. Any form of 
rationalisation brings immediate emolument to the 
workers and every “Stakhanovite” is entitled to 
particular facilities for increasing his knowledge and 
broadening his outlook. 

Other countries in the world are also taking 
steps to bring about a proper under.standing of 
science and show what it can do for humanity. In 
I'rancc, eminent scientists discuss their problems 
with working cla.ss audience in the workers’ uni- 
versity and help to dispel the misunderstandings 
and prejudices which have grown up against science. 

In Hritaiii, the Trades Union Congress has set 
up a scientific advivSory committee constituted of 
equal number of scientists and representatives of the 
T. U. C. to discuss the (piestions of food and 
agriculture, occupational diseases, population and 
vital statistics, defence and aviation and many other 
scientific problems. 


T'ask HEi'oRK us 

It has been the experience of many who work 
for m.aking the appeal of science wide-si»read in this 
country that people are apathetic and this has l3een 
atlvanced as an argument by some for not doing 
anything. This, on the contrary, is an argument for 
making stronger efforts to rouse public interest and 
bring .'ilnjut an awakening, because unless we in this 
country take to science in. a greater degree we will 
never be able to go along with a swift-moving world. 
India cannot afford to remain static in a dynamic 
world. With enormous potentialities for scientific 
development in our country one sees no rea.s()ii why:% 
so many of the few ^I.Sc.’s and Ph.D.’s and other 
technically qualified persons produced by our 
universities, young men with talent and enthusiasm 
for work, are either without jobs or are working at 
odd jobs on meagre salaries — with the menace of 
hunger ever hanging over their Jieads. 
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Pcforc closing this article I cannot resist the 
temptation of quoting here a part of the elo(iuent 
appeal made to France by Pasteur, because it is 
applicable .to this country. He said : “If conquests 
useful to humanity touch your heart, if you stand 
amazed liefore the surprising effects of electric tele- 
graphy, the daguerreotype, anaesthesia and so 
many otlicr admirable discoveries ; if you arc jealous 
of the i)art your country can claim in the further 
flowering of these wonders -take an interest, I urge 
iq)on you, in those holy dwellings to which tffe 
e.Kpressive name of laboratories is given. Ask that 
they be multijilied and adorned. They are the 
temples of the future, of wealth and well-l)eing. It 
is there that humanity grows bigger, strengthens 
and betters itself. It learns there to read in the 
works of nature, works of progress and universal 


harmony, whereas its own works are too often those 
of barlxirity, fanaticism and destruction.'* Will this 
appeal not find an echo in the hearts of our ricli 
countrymen ? 

Some in India arc working towards the end 
outlined in this article and it is a pleasure tn 
acknowledge the fact. May b*e that some others are 
planning to do the same, but, still much remains to 
be done and in a systematic manner. 

bet us hope that all those who love India and 
have its interests at heart will play their part, in 
the di.ssemination of .scientific knowledge and in 
sustaining scientific research and applying the results 
to the welfare of the people, so that tomorrow will 
ri.se a new awakened India. 


Annual Report of the Imperial Council 

Research for 1939-40 


of Agricultural 


^IIE Agricultural Research Couiicirs report for 
1930-40 gives a review of the progress of agri- 
cultural research schemes undertaken during the year 
and in immediately preceding years. From the incep- 
tion of the Agricnltural Research Council it had solely 
to depend on annual discretionary grants from the 
Central Government. The financial position of the 
Council was thus (luite insecure and it was not 
possible to plan and execute long term re.search pro- 
grammes. To remedy this defect and to give the 
Council a stable financial footing the Oovenmient of 
India introduced in the Ceplral begislativc Assembly, 
the Agricultural Produce Ce.ss Act, in March 1940 
which was duly pa.s.sed and received the as.sent of the 
Governor-General. 'I'he Act provides for levying a 
cess of per cent cui valorem on a number of 
agricultural exports. This w'ill yield an income of 
about Rs. 14,00,000 in a normal year and the whole 
amount will lie spent up in agricultural research 
schemes. The Council is thus ensured of a larger 
and more stable income unaffected by the financial 
vicissitudes of the Central Government. 


The report deals with the activities in various 
centres in connection with the Council’s rice 
research schemes. As a result of Sir John Russell’s 
recommendation tnc Council accepted the principle 
of limiting its assistance to work on rice genetics, 
water retiuiremenls and manurial experiments leaving 
rice breeding to lie tackled by ])rovincial (lOveni- 
nients. This policy has been generally followed. 
Efforts are being made in differernt parts of India to 
evolve varieties of rice suited to local conditions of 
growth, such as varieties which will stand salt acid 
and flood, or would grow at an altitude of lielwcon 
2000 and 5000 feet. 

The preservation of fruits and vegetables by cokl 
storage has received the attention of the Council for 
the last few' years. In Bombay, cold storage trials 
have been made wdth practically all the important 
fruits and vegetables grown in India and their suit- 
able cold storage temperatures have been ascertained. 

Experiments on an American variety of tobacco, 
Bofia-nza, have shown that it is a suitable variety of 
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I'igarette tobacco for India. As decided by the 
Council in 1939 a tobacco officer was sent out for 
training in the United States of America, Canada, 
Japan, Singapore and Ceylon. Two other officers will 
I)c sent to U. S. A., in 1941 for studying different 
aspects of tobacco cullivation viz., cultivation, curing, 
i^rading, re-drying and reconditioning, packing and 
storage etc. * 

The Council initiated a standardized pure-line 
trial of groundnuts at 27 different stations throughout 
India. Thr^e new species of potatoes collected by 
tlie Empire expedition to South Africa and Mexico 
were received in Simla and used for trials in this 
country. 

Dry framing research throughout India is now 
being conducted on a (xiiiiinon ])rogranitnc. The main 
line of work is agronomic, which will enable workers 
in evolve a system of fanning caiiable of securing a 
crop even in a year of drought. 

A large number of medicinal idants were chemi- 
cally and pharmacologically analysed during the year, 
and pyrethrtun was tested for its value as an insecti- 
cide. A monograph on the poisonous idaiits of India 
lias been published, A large amount of information 
relating to the distribution of medicinal and pois<mous 
jilants has also been collected. 

To give effect to the recommendations of Mr A. 
Wilson, who was appointed by the Council to emiuire 
into the jirospccts of increasing cinchona cultivation 
in India, the Council is considering a scheme of 


research providing for two research stations -one in 
the North and one in the Soutli. To each of 

these stations a State nursery will be attached. 
These research stations will carry out a compre- 

hensive programme of research and investigate the 
immediate problems of cultivation. T'he State nur- 
series will supply i)lanting material to new concerns 
and test plots in selected areas will be laid out to 
determine the suitability of land for growing 

cinchona. 

The central fodder and grazing committee of the 
Council considered during the year schemes on 
mixed farming from a few provinces and recom- 

mended a standard scheme capable of application 
throughout India, with nujdiiications to suit local 
conditions. 

A comprehensive scheme for an all-India soil 
survey is now under the consideration of the Imperial 
Council of Agricultural Research. T'he crops and 
soil wing of the Hoard of Agriculture and Animal 
Husbandry passed a comprehensive resolution for co- 
ordinated action in the provinces and States to check 
the menace of soil erosion in India. 

The Councirs bi-monthly journal Af^riculliire and 
IJveslock in India is appearing as a monthly maga- 
zine under a new title Indian Farming from 
January 1940. This tnagazine [)ublislies the latest 
news of agricultural and veterinary research and new 
developments in theory and practice of farming. It 
aims to present a picture of research and develop- 
ments in agriculture and animal husbandry in India. 



The National Academy of Sciences, India 

TENTH ANNUAL SESSION AT DELHI 


National Academy of Sciences was started 

in 1931 with its seat at Allahabad ten years a^jo 
at the suggestion and initiative of Prof. M. N. Saha 
who was then at Allahabad. An interesting account 
of the foundation of the Academy and its main 
objects will be found in Nature of October 8, 1932, 
and in the leading article in Nature of Septcmlx*r 23, 
1933. The tenth annual session of the Academy was 
held this year at Delhi from the 22nd to the 24th 
February. The Hon’ble Sir Maurice Gwycr, K.C.B., 
K.C.S.I., chief justice of India and vice-chancellor, 
University of Delhi, inaugurated the session, and it 
was presided over by the llon’ble vSir Shah Sulaiman, 
D.Sc., F.N.I., the president of the Academy. The 
sectional presidents were Dr Sir vSanti Swamp 
Hhatnagar for the section of physical sciences, and 
Kao Bahadur B. Viswa Nath for the section of biolo- 
gical sciences. 

A local reception committee with E. Shankar Eal 
(of the Delhi Cloth Mills), senior vice-chairman, 
Delhi Municipality, was formed to make arrange- 
ments for the Conference. The delegates who came 
from dilTereiit parts of the country numbered about 
fifty, and stayed mostly with local friends and in 
the Delhi University buildings. All the meetings 
were held in the University. 

The session which was held in the University 
Hall began with the welcome address by E. Shankar 
Eal, who expreSvSed the hope that one day ‘Delhi 
may be a sort of scientific Kashi to which every mind 
anxious for emiuiry may turn with hoiie, faith and 
profit*. vSir vShah vSulaiman, gave his presidential 
address on ‘Dileninia in f^hysics*. The address of 
Sir Maurice Gwyer was very stimulating, and he ex- 
pressed his fervent desire to see the University of 
Delhi at no distant date occupy a position worthy of 
the capital city of India. Dr Bhatnagar*s address was 
on ‘The present position of scientific research in 
Indian universities and industries*; and the subject 
of Rao Bahadur Viswa Nath was ‘Recent develop- 


ment in the science of plant and animal nutrition and 
their significance to national nutrition and health*. 

In the afternoon the delegates visited the trans- 
mitter of the All India Radio, and were entertained to 
tea by chief engineer, Mr C. W. Goyder, and other 
niemlxTs of his staff. 

The separate sectional meetings were held on 
the 24th, and about thirty papers were read and dis- 
cussed in the two sections. vSpecial mention may be 
made of the two dcmonstratioiivS, one of a self-acting 
siphon and the other of a student-type electron- 
diffraction camera, given by Dr P. K. Kichlu of 
Eahorc. 

A mOvSt interesting evening lecture on uranium 
fission was given by Prof. M. N. Saha, who had 
specially come from Calcutta for the occasion. 
Another i)oj)ular lecture which was much appreciated 
was on cosmography by Prof. A. C. Hancrji of 
Allahabad. 

The delegates visited the Imperial Institute of 
Agricultural Researcli on the 23rd afternoon and were 
taken round the various departments and given an 
opjjortunity to acquaint themselves with the 
researches in progress. In the evening the members 
of the Institute were ‘at home* to the delegates. 

lindoubtedly, the outstanding social function in 
connection with the conference was the dinner by 
Sir Shri Ram and Eala Shankar Eal at their residence 
on Sunday night to meet Sir Maurice Gwyer, and the 
president and the delegates to the conference. More 
than 200 covers were laid. 

The Delhi sCvSsion proved very successful, worth- 
while and enjoyable, and this success is to be largely 
attributed to the keen interest taken by Sir Shah 
Sulaiman at all stages of the organisation, to the 
authorities and staff of the University of Delhi and 
to the generous help and co-operation they received 
from the Imperial Institute of Agricultural Research. 



Reclamation of Alkali Lands 

S. P. Raychaudhuri 

<1 

Chemical Laboratory, Dacca Univeraity 


lands arc cliaractcrisod by llic presence 
^ of an excess of sodium salts or by the lacdoini- 
nance of sodium among the exchangeable bases. 
Sodium clay is rather impervious to air and is very 
sticky. It is thus very difficult to work with. 
Moreover, sodium clay easily hydrolyses, giving to 
tile solution an alkaline reaction which is unfavour- 
able for the growth of most plants. 

The chief defects of alkali lands are : (/) high 
alkalinity (the pll is sometimes as high as io'8), 
(//■) low nitrogen content, {Hi) high impermeability, 
(h) difficulty in settling readily when shaken with 
water, {v) absence of bacterial activity, and (vi) defi- 
ciency in organic matter. 

Reclamation of such unproductive sodium soils 
ermsists in converting it into calcium soil which is 
the normal agricultural soil. This is fre(iuently done 
by the application of gypsum or lime. 

The chemistry of the change in the nature of 
sodium soil complex on the application of gypsum 
is as follows: 
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For the conversion of SfKlium soil into arable 
calcium soil, three stages can be differentiated : 

(«) Treatment of the soil with gypsum so as 
to convert the sodium al)Sorption complex 
in the soil into calcium absorption 
complex. 

(it) Removal of the sodium sulphate formed 
during the exchange and exclusion of all 
supplies of sodium stilts. 

(iii) Neutralisation of the alkalinity of the soil. 

Work in ottikr Cotjntriks 

T. S. Dymond and his colleagues in England 
(1897-9Q) obtained some interesting results in the 


reclamation of soils spoilt by sea water, 'fhey 
showed that the first effect of flooding the land with 
sea water was lo kill the vegetation by the direct 
action of the oceanic salts. Hut when the flixxl sub- 
sided and rain water lK?gan to wash iiway the salts, 
it was found that the soil which was formerly in a 
remarkably go«)d condition from agricultural point of 
view, gradually became difficult to work with and 
was hard in dry weather. Dymond showed that the 
effect of the sodium chloride was to displace calcium 
and the magnesium from the clay, the places of 
calcium and magnesium in the clay complex being 
taken up by the sodium. 

The alK)ve observations of Dyimmd arc similar 
to those of TIissink and his collaborators in Holland 
who successfully carried out extensive reclatnation of 
soil damaged by sea water in the Zuider Zee area. 
They have shown that the soil, left after the rain 
water has drained away, is unfertile lK*causc it con- 
tains sodium clay, and in order to make it fertile it 
must be converted into calcium clay. The Dutch 
investigators have shown that the soil in the Zuider 
Zee area contains sufficient reserve of calcium .sidts 
for the cfmversion of sodium clay into calcium clay, 
although, the operation takes some time. The 
scheme of reclamation of Zuider Zee area consisted 
of the following operations : 

, (/) Construction of a dam mainly made of 

boulder clay, between Wieringcr in North 
Holland and Friesland. From the lake 
so formed, four* large areas of land called 
‘Polders* have been* recovered. The 
central part forming the deepest portion 
of the lake remains under water and 
forms the Yssel I^ake, extending over 
270,000 acres, its surface being 16 ft. 
below normal sea level. 

(it) Draining of polder by means of rainwater 
uith the help of suitably dug drains and 
canals. 
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(Hi) Provision for navigation due to the enclosure 
in Zuider Zee by ercctinj* suitable locks 
in the polder. 

(iv) Construction of suitable roads and bridges 
in the ix^lder. 

As has Ix'cn already said the Dutch soil contains 
a reserve of calcium, and nothing more is therefore 
needed for reclamation, excepting adefpiate drainage, 
so that the S(xlium chloride can be washed out from 
the soil. Adc<|untc cultivation and cropping of the 
soil is then iiccessJiry so as to i>ro<luce carlxaiic acid 
which brings the calcium in solution which then 
reacts with the soil complex forming the calcium 
clay. Cultivation in such reclaimed areas are usually 
shallow, since deep cultivation would bring up wet 
soil containing much sodium clay or sodium salts. 
The process occupies nearly a period of four years 
after which the Dutch farmers Ixgiti their cultiva- 
tion. The crops grown in such reclaimed areas are 
usually rye, Ixirley, and sugar beet. 

In the United Stales co-operative reclamation 
began in ii\so. In the entire country 5t’>,7b3,75i 
acres have already l)cen drained with fruitful results.* 
Ill parts of the United vStates powdered sulphur at 
the rale of 20-30 cwt. per acre has been usc'd w’ith 
beneficial results for the reclamation of alkaline soils. 
Hy the joint action of l)acteria and light, 
the sulphur is oxidised in the soil forming sulphuric 
acid, which neutralises the alkali present in the 
alkali soils. Ammonium sulphate has al.so been u.sed. 
This reacts with calcium carbonate forming calcium 
sulphate, which can lx washed aw^ay by flo(x 1 ing. 

The reclamation of Hungarian alkali soils has 
Ixen carried out by de* Sigmond. The soils contain- 
ing S(Klium salts arc reclaimed by reducing the 
eva])oration from the surface of the soil and by grow- 
ing lucerne, which requires large amounts of moisture 
and dries up the soil. In this way tlie uj)ward move- 
ment of the salt is decreased. Press lime, gypsum, 
farmyard manure etc. have also been used in dissolv- 
ing the calcium carlxmate. 

Work on Indi\n Uanixs 

Vast tracts of unproductive lands occur in 
various parts of India, particularly North-West 
Province, in Bihar and in south of India. In the 
United Provinces alone it comprises more than 
4,000,000 acres. These waste lands are commonly 

W. W. Weir, Soil Science, p. 206, 1936. 


known as Usar lands. In the Punjab, Bihar, Mysore, 
Sind, Bombay and Madras Presidencies, there are 
large areas of such unproductive lands. There an 
also large tracts of lands damaged by sea water, in 
Bengal. Indeed, the amount of alkaline lands is 
increasing in India rapidly. In vSind and other purls 
of this country, normal soils are Ixing converted iiiio 
alkaline ones by the washing away of the soil (Iul 
to irrigation. 

As early as 1874, the Irrigation Department of 
the North-West Provinces tried .to reclaim 
ILsar lands and in 1S77 a *Keh* committee was appoint- 
ed to investigate into the problem. Subsc(|ueiUly 
experiments^ were started at Awa in 1879, at Cawii 
pore in 1882 and at Aligarh in 1S85. 

Dalip J^ingh and Nijhawan® have stiulicil 
the Kallar soils at Lyallpur, Lola Kakii, 
Montgomery, and Bara Kann in the Punjab. Thev 
have reported that the alkaline soils available in these 
parts contain 0*63-1*07 per cent of soluble salts in 
the first four feet. These authors have observed signi- 
ficant improvement of the texture of these alkali 
.soils, hy treating them with a mixture of calcium 
chloride and calcium sulphate. 

Leatlier tried to reclaim Usar fields iieai 
Aligarh and other parts of the United Provinces 
by applying gyijsum. Ilis results demonstnite 
tliat soils containing o’(x>8 i)cr cent to o'oSi 
l)cr cent sexlium carlK)nate, even when treated with 
gypsum, is not suitable for the growth of Wheat 
(cf. J. W. Leather, Investigations on the Usar I.ainls 
of U. P., in Allahalxid, 1914, p. 37). In recent years 
Dhar^ has suggested that in the reclamation of alkali 
soils of the dry tracts of Northern India, molasses 
can l)c very usefully applied. Molasses is composed 
of between 60 to 70 per cent, of carlxdiyd rates, o\s 
per cent potash, 2 per cent lime, 0*5 per cent phos- 
phoric acid, 0*5 per cent combined nitrogen, 0 5 per 
cent silica, 0 5 per cent iron and aluminium oxides 
and the rest water. The lime contained in the 
molasses which is added to the soil, is rendered 
soluble by the organic acids formed from molasses 
and is heli)ful for the conversion of sodium .salt inl'> 
the calcium one. If very large quantity of molasses 
could lx used, say 500 to 1,000 mds. per acre on 
the alkali soil, plants could be grown in such soils, 
six months after the application of the molas.ses. In 

* X. R. Dliar’s Presidential Address, National 
of Sciences, Dec. 1935. 

® Ind. Jour. /Igr/. Sci., 2, 1, 1932 

" loc, cU., pp. 4(M2. 
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connection with this proposed scheme for soil recla- 
mation work in India, Dhar points out that there is 
an additional advantage in the application of molasses 
to the soil in that the contents of ammonium salts 
and of total nitrogen in the soil are increased. This 
is caused by the energy set free in the oxidation of 
carbohydrates of the molasses which is utilised in 
the fixation of atmosplrtiric nitrogen in the soil. The 
oxidation of the carbohydrates in the molasses Icad- 


with press mud, the pH becomes much less and the 
alkali soils completely coagulate, showing increasing 
Iiermcability and flocculation of the particles. 

Oil cakes containing about 5 to 7 per cent 
nitrogen, oils and ccllulosic materials, have been 
found to neutralise the alkalinity of bad alkali soil. 
Hence oil cakes should also be suitable as reclaim- 
ing agents (cf. N. K. Dhar, Presidential Address, 
National Academy of Science, India, January, ig.'^7). 


Production and Imports ok Molassks into India 



Production 

AVAII.Am.'- KOR C()NSUMI»TI0N 

Vcicuiui! pan 
Kactories 

Khamlsaries j * Total 

Tons Tons 

50.000 ! 80,000 

200.000 268,645 

250 000 365,808 

275.000 461,658 

200.000 430,154 

150.000 405,817 

125.000 494,028 

Finports 'total 

l^xclnding 

Kliandsahqi^ 

S pm'eding \Mir 

1930- 31 

1931- 32 

1932- 33 

1933- 34 

1934- 35 

19.35-.3ri 

Tons 

30,000 

08.645 

115,808 

186,658 

1 230,154 

255,817 
.309,028 

Tons Tons 

93,354 173,354 

102.024 370,669 

- 40,191 405,9‘)9 

1 31,991 493.649 

2,401 4.32,555 

i 415 4n(S,232 

1 ... 494,028 

i i 

Tons 

123,3.54 

170,669 

155,999 

1 218,649 

1 232,555 

1 256,232 

369,028 


liii* to tiitroircn fixatiVin cmi be effected throiieh the 
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Mgency of bacteria, sunlight, inductors, and catalysts 
like iron, copi)cr, manganese and titanium com- 
pounds. These oliscrvations of Dhar have been con- 
firmed at some Indian agricultural stations. If 
these observations be found to be generally apjdicable 
and if the question of transport of molasses to the 
fields he solved satisfactorily, a new chapter in Indian 
agriculture will be opened up. Indeed the [iroper 
disposal of all the molasses which are annually pro- 
duced from the numerous sugar factories in India 
is a very ini])ortant problem. The alwve table 
regarding the import of molasses in India, quoted 
from the report of K. J. Russell will be interesting 
in this connection. 

From 300,000 to 400,000 ions of ]U'ess mud are 
l)eing annually turned out by sugar factories in India. 
'I'his substance containing calcium salts, carl)ohydrates 
and* nitrogenous compounds are practically wasted. 
I^har has shown that wdieii bad alkali soils arc mixed 


Thus two factors arc very es.scntial in any scheme 
of soil reclamation : 

(a) Proper application of lime or any suitable 
calcium salt. 

{b) Land irrigation and drainage. 

To the above factors may be added the process 
of manuring, cultivation and cropping. 

For proper irrigation, the question of origin of 
alkaline and saline soils is of tlie greatest importance, 
f^ery frequently irrigation causes the ground water 
to rise, bringing sodium salts to the surface levels. 
This causes reidaceiiieiit of ealeium by sodium 
in the absorbing comidex. Indeed, not much atten- 
tion has been paid so far to the deterioration of soils 
by irrigation. 



Philosophy of Rural Reconstruction in China* 
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J^nCONvSTRUCTION in its broader aspect arises 
from the impact of Science upon Society and 
the necessity for social reorganisation from palco- 
technique em])iricism to neotechnique experimcntalism 
followed by orderly social control. The narrower 
aspect is in the sense of overtaking the lag between 
the 2oth century science and its immediate utilisation 
fof human welfare in un industrialised agricultural 
society. This latter is the topic under discussion. 

Rural reconstruction in China may best be made 
comprehensible by summarising the major differences 
between it and reconstruction in India. Chinese 
organisation is the result of three factors that must 
be explained to understand the differences. First is 
the 20 years of field experience and lessons learned. 
Second is the extension into the communities of the 
research and training interests of certain leading 
Chinese universities to develop the methodology of 
successful reconstruction and to train in these 
methods the senior staff requisite for administration. 
Third, the policy of reconstruction, particularly of 
the universities in (piestion, is based upon defined 
principles whose acceptance must constitute the point 
of dei)arlure in planning for reconstruction if it is 
to be either significant or successful. This address 
discusses reconstruction under the three major 
designations referred to of experience gained, uni- 
versity inirticipation and the underlying principlos 
now accepted. 

History 

Rural reconstruction .in China developed in the 
years between the end of the Great War and 1937. 
This period had two chapters — the first of empirical 
hit-and-miss methodology lasting till 1934 and the 
second, a period of systematic planned reconstruction 
based upon enunciated principles. The earlier 
period had a number of separate efforts very similar 
and corresponding to those observable regionally in 

* AdapUcl from the address delivered before the Royal 
Asiatic Society of Retigal, on March 7, 1941. 


India today. It is unnecessary to report the majority 
of these on account of their non-reproductivencss an l 
consequent insignificance in determining the main 
course of evolution. The main movement centres 
around a single individual J. Y. C. Yen. 

Mr Yen proceeded immediately upon graduation 
ill the Yale University to the Chinese Labour Cori)s 
in France during the war as a Y. M. C. A. secretary. 
His imagination was aroii.scd by the almost conqdotc 
illiteracy of the several lakhs of his countryniLii 
recruited chiefly from vShantung province and this 
resulted in his initial efforts in adult education 
through evolving a basic vocabulary. This wai 
interest led upon his return to China to the establish- 
ment in 1921 of the National Association of the Mass 
Education Movement ; and, the circum. stances wen- 
such that the Movement became nation-wide within 
a short space of three or four years, particularly in 
urban areas. During this period the Movement 
enlisted the co-operation of scholars to determine \]w 
most efficient basic vocabulary of r,ooo Chinese words 
that could be learnt by the young-adult in a scries 
of lessons covering three months. The beginnin.ys 
also were made of the rei|uisite literature to imple- 
ment the basic vocabulary. And, during this i)crio(l 
several provinces w'ere stimulated to c.stablish depart- 
ments of mass education. The predominantly rural 
char.acter of China directed Mr Yen’s attention to- 
wards the agricultural i)opulalion. Professors of 
agriculture, mostly trained abroad, were enlisted lo 
prepare the requisite follow-up literature. However, 
it was found that the material was so far removed 
from the realities of the problems of the farmer as to 
be almost useless in interesting him. This led tli * 
.Association to establish a rural branch in Tinghsieii 
about 100 miles south of Peking, where a few agii- 
culturists settled down to determine through experi- 
ence what were the real agricultural problems ot 
North China. Mr Yen was soon forced lo the con- 
elusion that no single social field of application 
knowledge could progress very far in so backward a 
community without the concurrent establishment of 
other fields. He consequently turned for help to iIt^' 
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respective university experts in and around Peking, 
which still was the capital as well as the educational 
centre of the country. It was this realisation of the 
necessity for a co-ordinated solution of the problem 
and the manner whereby Mr Yen was able to enlist 
ihc interest and eiilluisiasni of academic experts which 
laid the foundation fer the planned reconsl ruction 
that evolved during the next decade. 

It was during this decade after 1925 that ‘recous- 
liuction* methodology was experimentally developeil 
ill Tiiighsieri in education, agriculture, public health, 
etc. based on the economic practicability and social 
conditions of North China. Hoth the national and 
the provincial governments gave ofllcial status to the 
Asvsociation’s work in Tiiighsieu orgiiially established 
for mass education whereby the Association was given 
control of the local Government through its ability 
to nomiuate the magistrate of the sub-division having 
approximately 4 lakhs of population. In the ineau- 
linie, Mr Yen solicited funds for support of the work 
from private channels in China and returned from 
a trip to the United States with contributions of 
{£ioOfOoo) five lakhs of dollars to support the veri- 
table social laboratory utilising more than 100 techni- 
cal workers which had gradually been established, 
'rile success of Mr Yen prematurely attracted huii- 
ilrcds of oflicials and others from all parts of China to 
Jill extent that the railway • authorities had to make 
special provision for the number of visitors who also 
seriously haiiiijered routine activities. This prematur- 
ity of interest was dangerous through the discredit 
resulting from efforts made by many upon their 
return to their own localities to reduplicate what they 
had observed in Tinghsicii without having graspecl 
the technical implications and, more imixirtaut, lack- 
ing the trained technical personnel to undertake 
reconstruction. 

The single most important result from Tinghsien 
probably was the manner in which certain universi- 
ties in and around Peking were stimulated to extend 
the responsibility and scope of their social disciplines 
beyond their academic walls into the community. 
This resulted in the appreciation that the social 
sciences, as much as the natural sciences, are not 
taught to but must be learnt by the students through 
'M>portunity for self-participation in community 
exemplifications of the principles presented in the 
ehiss-room. Consequently, luidergradualc students 
were sent to Tinghsien under their instructors. Thus, 
hi medicine tlie fourth year students had three weeks* 
I'ural added to their previous urban ‘clerkship* ki 


public health, during which time opportunity was 
afforded for some participative experience in addi- 
tion to general orientation in rural recoiistniclioii as 
a whole through demoiistralioiis provided in each 
field. This development of university interest coin- 
cided with the growing national demand for recons- 
truction that experience proved cuiihl l)e successful 
only if based upon effective methodology and perso- 
nnel trained in such methodology, 'flic natural 
outcome of this university interest was the establish- 
ment of a formal organisation in designated the 
North China Council for Rural Reconstruction, 
consisting of five universities, the Mass Education 
Movement, and the Shantung provincial Ooveriinient. 
The purpose of the Council was stated to he “a 
correlated coiiimuuity program me of rural recons- 
truction through which controlled field facilities and 
services for applied training and research ill the so- 
cial sciences may be made available to its constituent 
institutions and to provide personnel of high quality 
to the various enterprises for social reconstruction in 
China which now are in so great need of trained 
workers.** The Council functioned through a Rural 
Institute which carried on instruction and research in 
the applied social science of civil Jidmiiiistration, 
economics, social medicine, education, agriculture and 
engineering. The Council was given political control 
by Government of the first administrative area of 
vShaiituiig province possessing approximately 10 
million' population. The Institute as the joint repre- 
sentative of the Council, universities Jiiid the Goverii- 
iiieiit possessed the authority to openite the constituted 
comniunily facilities through ixnver to nominate its 
personnel to llic official government posts of the area. 
The universities’ departments as such lost their 
individual identity in the field and functioned solely 
through the Instiliile as their co-ordinating agency. 
Faculty members resided in the field. Within this 
^irea the Council through its Institute designated one 
sub-division of 5 lakhs of population as its inten- 
sive expcnmental-demoustration field. The Institute 
consisted of two divisions : (a) the community service 
division responsible for the routine administration of 
the area, composed of the heads of instructional 
departments together with the chiefs of the sections 
or bureau of government, whereby teachers from the' 
universities were concurrently appointed as govern- 
ment officers (6) the educational-research division 
composed of the heads of departments of instruction, 
and it was this second division which dealt with all 
matters relating to the educational and scientific 
policy ©f the Institute and whereby its representatives 
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on the coni 111 unity service division was able to control 
and modify governmental adiniiiistratioii in terms of 
its educational and scientific needs. Planning was 
done in Hie first instance by the Institute for sub- 
sequent appioval by the Council and finally by the 
|.»roviucial (lovernmeiit. The annual budget of the 
Institute, apart from routine civil administration 
expenses, was approximate!}- 4 lakhs of Chinese 
dollars. 

The Council and its Institute were inter-linked 
l)y means of either its Council or Institute repre- 
sentatives serving on various Ixiards and coniiiiittees 
of National (•overimieiit and advising the latter’s 
policy on the one hand, while Government in turn 
was rei>resented on the Council and was able to guide 
Institute policy in terms of the realities of govern- 
mental administration. A Rural ‘ Reconstruction 
Committee of the National iCconomic Council of the 
Government was established at Nanking to co-ordinate 
the different fields of government and corresponding 
to these represented in the Councir-s Institute. 

The Colleges of the participating universities 
drew up syllabi for their departments to take 
advantage of such a controlled community and re- 
quiring the residence in the field for several months 
of the undergraduate during the last year of 
instruction. Students were given a brief horizontal 
introduction to the several co-ordinated fields of social 
function before ‘clerking* vertically in their specific 
subject. Special facilities were also designed to 
permit of a limited number of graduate students in 
each of the social fields. However, any international 
consideration of China requires the bearing in mind 
of certain facts relating to the time when a modern 
government was established. Although the Revolu- 
tion look place in 1911, it was 1927 before the 
Nanking Government inaugurated civil administra- 
tion ill the modern sense. The chief cause for thr 
non-impleincntatiou of the 19 ii Revolution was the 
absence of technical personnel. The first university 
was CvStablished as late as 1906, the first medical 
college in 1913 and other technical colleges even later. 
Consequently for successful Rural Reconstruction 
next to solving the problem of proven methodology, 
,it was considered necessary to establish provincial 
institutes of public administration to provide per- 
sonnel of a vocational level. It was to train the 
teachers for the latter that the University Council 
Institute set as its instructional task because it was 
obvious that reconstruction would continue in name 
only until provided with modern social servants 


competent to initiate and to supervise the utilisation 
of modern knowledge in the daily lives of the people. 
Also by 1937, Reconstruction in China had reached a 
stage where an acute problem had arisen to protect 
the movement from being discredited through im- 
.successful results of hurriedly created provincial 
bureaux lacking the essentiala^ here described, parti- 
cularly methodology and personnel. At this point it 
liecomes necessary, in order to interpret the Council 
in its true perspective to comprehend both the back 
ground of sociological thought comiuon to the 
constituent members of the Council, as well as the 
general social-economic level of rural China. The 
following representation of the philosophy must be 
understood as one’s own recollection of the numerous 
references which were in circulation l^tween the 
various senior members of the Council and the innu- 
merable hours of evening discussions that occurred 
ill the quiet rural atmosphere of originally Tinghsieii, 
and later Tvsining, the seat of the Institute in 
Shantung. 

UndkrIvYino Thought 

Historians and scientists agree that society is in 
a major transitional epoch corresponding in its revo- 
lutionary character to the two major ones previousl}- 
experienced by mankind, viz., the period of the 
proletariate culture to the dawn of history when 
.society u as founded and, the ancient civilisations were 
established. This second period continued until the 
present transformation of society began 300 years ago 
with the Kuroper*!! RenaisvSance. Social reconstruc- 
tion to be intelligent or rational implies planning. 
Planning is obviously iuadeiiuate unless designed in 
relation to the eventual social scheme as a whole. 
The trend of the present transitional period of social 
orgaiiisation can be defined only in terms of the past 
and knowledge of differences in the present resulting 
from new factors which have arisen. Social thinkers 
previous to the present century expressed ideas on 
society which increasingly are now becoming accepted 
fact. Thus Rousseau defines the Social Contract of 
Society as: “That form of association which will 
defend and protect with the whole common force the 
person and goods of each associate ; and in which 
each, while uniting himself with all, may still obey 
himself alone and remain as free as before.** John 
Stuart Mill in 'On Liberty* clearly foresaw what is 
today the world’s crisis when he defined the biological 
basis which social law must evolve towards in respect 
tp individual freedom of liberty: “Whenever in 
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short there is a definite damag^e or a definite risk 
of damage either to an individual or to the public, 
the case is taken out of the province of liberty and 
])laced in that of morality or law.*’ Herbert Spencer 
in his 'The Data of Ethics* defined the conflict 
between collective and individual cultures long 
liefore the present crijjis arose proving the truth of 
his diagnosis : “But here we are met by a fact which 
forbids us thus to put in the foreground the welfare 
of citizens, individually considered, and requires us to 
put in the foreground the welfare of the scK'iely as a 
whole. The life of the .social organism must, as an 
Liid, rank above the lives of its units. These two 
Liids are not harmonious at the onset; and, though 
the tendency is toward harmonisation of them, they 
are still jiartially conflicting. As fast as the social 
state establishes itself, the preservation of the society 
becomes a means of pre.serving its units. Living 
together arose liecause, on the average, it proved 
more advantageous to each than living apart; and 
this implies that maintenance of combination is niain- 
Icnance of the conditions to more satisfactory living 
than the combined persons would otherwise have. 
Hence, social self-preservation becomes a proximate 
aim taking- precedence of the ultimate aim, individual 
self-preservation. This subordination of personal to 
social welfare is, however, contingent, it depends on 
the presence of antagonistic societies. So long as the 
existence of a community is endangered by the 
actions of communities around, it must remain true 
that the interests of individuals must be sacrificed to 
the interests of the community, as far as is needful 
for the community’s salvation. But if this is mani- 
fest, it is, by implication, manifest, that when .social 
antagonisms cea.se, this need for .sacrifice of private 
claims to public claims ceases also; or rather, there 
c'case to be any public claims at variance with private 
claims. All along, furtherance of the individual lives 
has been the ultimate end ; if this ultimate end has 
been postponed to the proximate end of preserving 
the community’s life, it has been .so only because this 
proximate end was instrumental to the ultimate 
cud. When the aggregate is no longer in danger, 
the final object of pursuit, the welfare of the units, 
no longer needing to be postponed, becomes the 
immediate object of pursuit’*. 

Today, it is universally acknowledged that the 
determining force which shapes society is Kcononiic. 
The essential factor determining Economics is 
“Energy”. Machine energy is synonymous with the 
Industrial Revolution has been clearly analysed ly 


Stuart Chase in ^Technocracy : An Interpretation*. 
Chase advances the conception of Energy magnitudes 
being the condition governing political and social 
institutions. The present emerging third* stage was 
preceded by two earlier stages. Primitive commu- 
nities had worked primarily l>y virtue only of the 
food eaten by their members converted into physical 
power of human muscle. The chief engine was the 
human being and his available energy detennined the 
standard of living of the community and its social 
imstitutions. This power of the human engine is 
measurable by its food intake and is equivalent to 
2000 kilogram cak)ries per capita per day and this 
was the sole energy during the first period of man. 
The second pericxl originated with the early civilisa- 
tions when the domestication of animals and crude 
water power was added to man’s energy, thereby 
doubling the magnitude to 4000 kilogram calories per 
capita per day. This second period extended for 
approximately 7000 years until the invention of the 
steam engine in 1775. Since that time the machine 
age, developed' with the utili.sation of coal, electricity 
and oil, has stepped up capacity in such a country 
as the United States to 160,000 kilogram calories per 
capita per day. 

It is the lag of 18th century economic and 
political institutions behind this 20tli century power 
that has become the basic world problem. Recou- 
.struction to overtake this lag in the application of 
scientific knowledge to human welfare is confronted 
by two problems : the material one of the lag itself 
and the larger social one of instituting the necessary 
collectivi.sm while juifeguarding the maximum degree 
of individual freedom commensurate with the welfare 
of the group as a whole. 

S<jcial reconstruction to be successful reciuires 
technical knowledge and the most efllcicnt form of 
4>rgaiiisation for the application of that knowledge. 
It is axiomatic that the form of administration is 
determined by i)olitiral organisation and that in turn 
derives from the per capita energy pro<luction of the 
country and the economic philosophy. The organisa- 
tion in democracies has been determined by capital- 
ism. Capitalism as a system was first defined after 
the Ixiginning of the Industrial Revolution and then 
pas.sed through the three periods of Industrial, 
^lonopoly and Finance Capitalism, corresponding 
roughly to stages in the progress of Science parti- 
cularly with reference to its development of power 
and transportation, because these two are the new 
major factors. 
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Industrial capitalism resulted in the form of 
social administration designated as democracy but has 
never attained to the substance. The latter is defined 
as “the foVm of government which asserts the worth 
and validity of the individual man and that the aim 
of society is to secure to him the maximum of 
responsible freedom**. This definition means that 
society itself must consciously and responsibly aim 
at social justice which will ensure the closest possible 
approximation to etiuality of opportunity for cacli 
member to lead the ‘good life’. Consideration of 
rural reconstruction in the restricted sense of this 
pai)er implies the enumeration of the unsocial 
biological results that have arisen in older in- 
dustrialised countries and which planning should aim 
to avoid ill countries now becoming industrialised. 
Such an enumeration includes the problem of 
population, human migration, race, health, urbanisa- 
tion, rural economic crises, cultural lag, social 
pathology, including diversification of social classes 
and groups, and ixiverty. No successful scheme of 
rural reconstruction can he formulated without 
knowledge of, and conscious consideration to 
obviate, these prolilcms that inevitably follow in 
the wake of uncontrolled iuduslrialisalion, economic 
development and unplanned democratisation. It is 
not, however, within the scope of this paper to go 
beyond the hope that officials vsubmitting plans of 
lecoiistructiou designed to overtake social-economic 
lag in rural communities possess the knowledge of, 
and have given the necessary consideration to, the 
foregoing pre-requisites of historical perspective. 
Major economic factors arising from scientific pro- 
gress and llieir resultant problems when uucoiitrollcd 
must constitute the background of any thinking, if 
leconstruction is to claim planned lechnical com- 
petency and is to prove successful. 

In addition, the administrator must have the 
equally necessary knowledge of and consideration for 
the social fields in which ap])licalion has to 1x2 made. 
vSociety in the course of^ evolution has gradually 
differentiated, or is in process of differentiating, 
certain major functions listed below : 

(1) Education. 

(2) Protection of Life, Property and Natural 

Resources. 

(3) Proiluctioii of Goods and Services. Dis- 

tribution of the Returns of Production. 

(4) Consumption of Goods and Services. 


(5) Communication and Transportation. 

(6) Recreational Use of Leisure. 

(7) Expression of Religious Impulses. 

(8) Expression of Aesthetic Impulses. 

(g) Integration of the .Individual (Service to 
Society). 

(ro) Extension of Freedom (Political Edu- 
tioii). 

« 

(11) Extension of Knowledge and Adaptation 
to Invention. 

The first seven have been clearly differentiated 
while the last four are sufficiently recognisable to he 
thus classified. Certain of these major functions in 
turn have become so well established that they now- 
have developed sub-divisions which arc themselves 
autonomous social administration, as, for instance, 
Public Health under Protection, and Industry m- 
Agriculture under Production, etc. Consequentlv, 
individuals responsible for planning reconstructiou in 
the sense of overtaking the lag in utilisation of 
knowledge should presumably possess technical in- 
formation of the extent the organisation and 
administration of each has developed in progressive 
countries, particularly with respect to their latest 
trends in order that their experience is available to 
obviate introduclioii of wrong methods of organisa- 
tion and administration in the backward community 
under consideration. Furthermore, the complexity 
and vastiiess of modern social-economic organisation 
implies that the social architects in charge of re- 
conslruclioii must possess comparable knowledge of 
principles requisite for successful organisation and 
adiniiiistralion of each technical field for which 
establishment is being undertaken; and, without 
which the structure planned for is as much doomed 
to collapse as would be the building of a skyscraper 
or ocean liner by architects proceeding merely along 
the lines of neolithic rural-cuin -empirical knowledge. 
An example may be taken from the field of public 
health. 

Public health is organised community effort to 
provide individuals of the community with the 
greatest degree of utilisation of medical knowledge 
for the three objectives of maintenance of health, the 
prevention of diseases, and the cure of disease. The 
organisation to attain these objectives effectively 
together constitute public health administration. 
Experience has postulated that efficient administration 
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is proportionate to adherence of the following six 
])rinciples : — 

(t) The necessity for the administratioii of the 
different health functions l>eing undertaken 
for the whole community by a single 
governing body and not for different sections 
of the comiyuTiity by several governing 
agencies, with necessary co-ordination 
between inter-related sections ; in other 
words, there should be ‘centralized direction 
and decentralized activity*. The adminis- 
tration must provide for technical super- 
vision and periodic appraisal of the efficiency 
of the organisation. 

(it) Successful administrative procedure results 
only from scientific investigation and 
demonstration of organisational methodo- 
logy in the measures whereby knowledge 
can be applied in practice to groups of 
population. The proper training of the 
necessary personnel in applying the 
methodology is an important requirement. 

(in) Successful administrative prcK'cdure must 
be based upon sound financial considerations 
and practicable economic budgeting suited 
to the area and the population. Where cash 
purchase of health reform is difficult, the 
available cash may be utilized for technical 
guidance and supervision and the citizens 
may offer trained voluntary labour ( = pay- 
ment in kind), which is the largest item in 
cash purcha.se of medical protection. 

(iv) Successful community utilization of know- 
ledge for public health reform and medical 
protection requires a certain level of politico- 
economic progress and education. Health 
of the pcoi)le is eventually achieved through 
the people being themselves possessed of 
adequate education in, and practice of, 
health knowledge. 

(t) The securing of co-ordination l^etwecn the 
related spheres of social services, owing to 
their mutual interdependence. 

(vi) In order to ensure between working and to 
avoid mistakes in local effort, the ivholc 
design of a public health planning must be 
before, the mind from the beginning. Any 


effort, however small and localized, can 
confer benefit, if it is designed in relation to 
the .scheme as a whole. 

These principles may aptly be termed the normal 
functions of that organ of society designated public 
health, and disfunctioning of any one or more must 
])roduce social pathology resulting in the sympto- 
mology of increased morbidity and excess mortality. 
The second is the one most observably violated in 
Hengal, where, for instance, the specific mortality for 
the past decade from such an entirely controllable a 
disease as small-pox has been 43 per 100,000 as com- 
pared with 0 07 and 0-02 for the Philippines and 
Java, which formerly had the same high rate as 
Bengal. Consequently, it lx?hovcs that reconstruc- 
tion relating to medical protection to be successful 
must Ik: idanned in terms of these principles rather 
than be undertaken empirically and so be doomed to 
inadefiuatc and disappointing results. Similar com- 
petency to plan in terms of principles for each social 
field must be the qualification of any Director of 
reconstruction, who is in this respect comparable to 
the Chief of (’leneral Staff who would not presume 
for an instant to undertake, himself, the planning 
or the operation in any single field but solely dis- 
charges the function of co-ordinating into a whole 
scheme the technical principles and resultant details 
from the several differentiated technical fields. 

It has been stated, apart from the immediate 
f)roblem of overtaking the social lag in as backw'ard 
a community as China, f.e., catching up on the 
present, that immediate planning had to he under- 
taken in terms of larger world trends, i.c., in terms 
of the future, to obviate the necessity later on 
for reconstructing the organisation then being 
established. The principles governing and deter- 
mining the whole eventual social design were not 
ncw^ For instance, one of the major social results 
of technological developments since the middle of 
the nineteenth century w^as the bringing into pro- 
minence of cla.s.ses who formerly were largely 
voiceless. “ Democrat isat ton of society** ran parallel 
wn’th the ever-growing interdependence of individual 
activities upon one another to constitute a large 
whole of efficient social function. Technological 
advances transformed individualistic into a herd 
society, in which individual competition was replaced 
by group co-operation. The resultant subordination 
of the individual w’as compensated by the improved 
economic and cultural levels necessarily obtainable 
only through group action and therefore planning. 



686 


SciENCK AND Culture 


Vol. VI, No. 10 


The impact of science and industrialisation upon 
laissez-faire agricultural civilisations increasingly 
created individual insecurities thereby resulting in 
herd impulses towards salvation by organised 
security. This produced expediency palliatives 
through various forms of social welfare and new 
deals inaugurated especially during the past half a 
century. One of the results is tlie transition from 
recording history in terms of the pa.st to the develop- 
ment of a sociology attempting to shape history out 
of the emergent forces of the .social process now 
going on and so avoiding the necessity for future 
palliatives. This recent trend is important as 
marking the first i)crio<l when man is collectively 
setting up goals and organising himself and society 
towards scientific attainment of these goals through 
planning and planned thinking. 

Planning requires grasping the complex of 
events from a number of key positions, from each of 
which the whole design has to Ixi kept in mind in 
undertaking individual steps. It is only through this 
approach that concrete social events previously 
thought to be accidental can be seen to be the result 
of principles working throughout the S(x:iety and 
that their occurrence can be predicted. Mannheim 
designates these forces as **the principia media ; 
and the importance of understanding these forces for 
social reconstruction arises from the fact that society 
cannot be rationalised as a factory, because its com- 
I)lex and various living characteristics if not under- 
stood will upset the plan. Consequently, planning is 
the ap])lication of forc.sight to human affairs, so that 
social iirogrcss increasingly proceeds towards a unity 
regulated through differentiated knowledge of the 
major social functions. The problem involved is 
twofold, because in addition to reorgauisjition of 
society, there must be the freeing and full devehjp- 
nient of individual man through a new education. 
The chain of events constitutes a cycle Ijcginning 
with Galelio and Copernicus and extending through 
Arkwright and Watts to the changing ideas about 
man from Rousseau and* Herbert Spencer to the 
contemporary encyclojiacdists. The lag of social 
techniques must overtake mechanical inventions and 
technological improvements. This demands the 
achievement of a dynamic equilibrium that must 
solve the problem of security of the group as a whole. 
This can be accomplished only through adequate 
social techniques co-ordinated towards a general 
defined objective. Such planning would produce a 
rational mastery of the irrational forces of 


uncontrolled industrialisation. The fundamental basis 
must be education whereby human beings become 
influenced towards desiring the greatest good of the 
society as a whole. Numerous educational experi- 
ments arc Ijeing made, specially in the past two 
decades, directed tow^ards this aim. In turn scxial 
techniques require a new type of personnel ff)i 
administration which is resulting in the civil servant 
developing into the social servant. In brief, science 
and increasing industrialisation imposes the necessit\ 
for functional rationalisation of social organisation 
towards objective ends. A planned economy implies 
definite social goals to avoid being a contradiction 
ill tenns. This requires a planned social strategy t<» 
co-ordinate all fields of human endeavour througli 
organising social action towards the optimum good 
of the greatest number. The foregoing has been 
re-post iilated and summarised by Mannheim in ‘Man 
and Society' from which much of the siimmarv 
view-points has been borrowed. This review of Uk* 
sociological thought of the constituent members 
the Council may seem unduly lengthy. It howevtr 
must l>c fully comprehended to understand the 
underlying philosophy and aims of the Council and 
of the goal of rural reconstruction. The description 
in 19 TO of a model T Ford in itself might liave 
proved an interesting new phenonicnon in traiisporla- 
lion but without comprehension of the iindcrlyiiie 
principle of the internal combustion engine the 
description could not foretell cither the 1940 Mercin y 
or the vSpitfire, which a knowledge of the i)rinciples 
of the crude igio engine w'ould permit cnvisagiii.e. 

'iMnd Utili^'ilion in China' edited by J. 
Eos.sing Buck, (1937) is a basic study of agricultural 
and population problems from which further soci:d- 
economic details are obtained but a summary picture 
of rural China is as follows. The land under cultiva 
tion is 27 per cent. Agricultural development is 
difficult in consequence of fragmentary holditu;s. 
I.andowners consist of 44 per cent of the agricultural 
population ; 23 per cent are part-owners ; and 33 per 
cent tenants. The medium size of farm area is 3‘.> 
acres. Taxation varies widely from locality 1<> 
locality but may be said to l^ 5*2 Chinese dollars per 
acre. Illiteracy exists amongst 69 per cent of males 
and 99 per cent of females. The death rate per loeo 
of population is 27 and the birth rate 38*3. 30 
cent of farmers are in debt. The per capita income 
for rural areas is 80 Chinese dollars per annum, 
including the value of all the product supplied hv 
the farm. 
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War 

While the China Incident of 1937 disrnided the 
Councirs work almost at its inception in terms of 
materialisation of the eventual plan conceived along 
the broad principles enumerated above, it may be of 
interest to report the immediate specific programme 
ill mind when war^was declared. The Council had 
accepted the three necessary factors in social 
planning, viz., population, natural resources, and the 
technical arts, with the objective of correlation of 
these three factors in terms of the jirinciples referred 
to. These in turn resulted in the postulation of the 
three initial jiroblems that must be successfully 
solved in social application, namely, competent 
personnel, succe-Jsful methodology and the problem 
of organisation including finance. The first two 
were considered the production aspect of rural social 
])lanning while the third was the marketing of what 
has been produced for the benefit of the conimnnity. 
'rims, the universities constituted the factories of 
methods and personnel and the Institute field the 
testing' laboratory for marketing. The Council con- 
sidered that the determining one of the three above 
factors of social planning was that of i>ower, and 
that consc(iuently an area whose size and boundaries 
had been decided entirely by a pre-machine age 
conditions would not permit the solution of the 
eventual problem in mind. This problem is inter- 
nationally similar in nature and has probably been 
best defined with respect to the Tennessee Valley 
Authority and described below. When the China 
Incident arose, the Council was actually in process 
of inocceding along the following lines to implement 
its responsibilities of social planning along neo- 
tecluiical lines. 

The Council through the National Economic 
Council was considering a survey of the natural self- 
contained power units of the country similar in scope 
to that undertaken by Roosevelt for the United 
vStates and whose report has predicted the eventual 
redistribution of political boundaries of that country's 
4^^ vStates in terms of seven natural power provinces. 
It was expected that the completion of such a survey 
in China would then permit the North China Council 
to remove its Institute to one of the eventual units 
for its development on a planned social-economic 
iiasis. There seemed every likelihood that there 
'vould be no difficulty in securing the large capital 
which would have been required to develop the 
power of that area and that must constitute the 
J'tarting point of a really planned and largely 
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self-contained comnuniily. 'I'lie war naturally 
suspended development along these lines. 

Any conclusion of possible international value 
from the efforts towards rural recoil si ruction in 
China described above would seem to be the exten- 
sion of university interests to eommiinity problems 
and recognition of responsil)ilily for its colleges in 
the social fieUls to undertake re.search in determining 
methods for the efficient utilisation of knowledge for 
the betterment of human welfare and training in 
these methods. In this connection it is of interest 
to note the trend of Ihoughl in the United States in 
connection with the experience of the Tennessee 
Valley Authority already referred to. 'This experi- 
ment is probably the single greatest effort outside of 
the totalitarian vStates to develoi) co-ordination 
between control of national resources and their more 
efficient utilisation for human welfare through the 
sficial organisation of society ; embracing as it does 
an area covering part or all of seven Slates with a 
population of to million. The present Director of 
the Authority, Dr Morgan, has postulated (1938) 
that, ‘‘Unless the appropriate fields of universities 
can be brought into a more realistic relationship with 
the problems of our democracy, there will be no 
basis for assurance as to the future. For if this is 
not done, there is little reason to believe that the 
basic conflict of ideals in our capitalistic democracy 
can be resolved sufficiently to preserve public con- 
fidence in democratic institutions as a way of life". 

Dr Morgan’s reason for his conclusions was 
derived from the exi)ericnce of the Authority which 
resolved the multiplicity of local reconstruction i)rob- 
Icms under four heads: 

T. Land 

2. Economic 

3. Social 

* 4. Political or Govcrnmcutal. 

'riiiis, under ‘Land* arc included conservation and 
utilisation of natural resohrees, the problems of flood 
control, soil ]Toverty, farm tenancy as well as the 
conflict between agriculture as a way of living and 
agriculture as a commercial or industrial undertaking, 
in addition to the problem of agricultural surpluses. 
‘Economic* includes the effects of local, national, 
and international markets on problems of plant food 
supply, the imbalance of population with the centrali- 
sation of industry etc. The ‘Social* problem includes 
housing, collective bargaining, technology and 
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uneinployiiieiit, farm tenawcy, etc. Tlu? ‘Polilicval’ 
probluins raise the questions as to whether govern- 
mental units should he based upon political or 
economic considerations ; how to make legislation 
res])onsive to public needs ; the whole subject of 
taxation, etc. Analysis of any single major problem 
revealed its inter-relationship to others of equal 
magnitude. Analy.sis of the etiology and the previous 
effort at solution of these problems indicated their 
hitherto unrelated channels and consequent failure 
of solution, thereby i)erpetuating the fallacious 
public notion that our evils are unrelated to their 
causes. 

The approach to solve the.sc problems revealed 
three great needs that had to be met and which 
revealed that the single greatest problem should be 
riducation, viz,, the University, because these three 
needs proved to be personnel trained in reconstruc- 
tion, a better informed public understanding of 
what a successful i>rogramme involved, and technical 
and scientific research capable of being related and 
translated into solution.s of regional and national 
[)robIems. This extended social respon.sibility of 
scope of universities implied not only research into 
the problems listed but a translation programme 
whereby a system of education should be developed 
in order that courses of study .should include 
exercises, laboratory and field demonstrations, in the 
.social-economic problems of today, adequate to 
accommodate instruction from Kindergarten to 
Graduate and Adult Kducation, The problems in 
the more economically-backward China led to the 
same general conclusions. 

It may be of interest to conclude by summarising 
some of the interesting war developments of the 
Council groups following the necessary flight of its 
Institute from Shantung to Kweichow and later to 
Szechiien. 


CONSRQUENT CHANGES 

There is not time to give credit due to the 
indomitable spirit of the faculties and students of 
the numerous insitutioiis which had to flee into 
Free China, often overland marches of over a 
thousand miles on foot. The chief effect on the 
Council was that the geographical separation of 
universities from the Institute precluded the latter 
from continuing its university functions. The 
Institute staff remained largely intact and it was 


reconstituted in 1938 in the Tingfan sub-division of 
Kweichow province as a vocational training institute 
to .serve provincial recon.struction needs. In the 
nicautime, the Mass Education Association had 
removed its headquarters from Hopei to Hunan pro- 
vince, where it was given the responsibility by the 
National Government of organising a provincial 
public-administration training •institute of a voca- 
tional nature for a complete war-reorganisation of 
the administration of the province, which was 
expected to be the front-line after the fall of 
Hankow. Developments forced the evacuation of 
the Movement to vSzechuen province. Here, in early 
1 9 to the Movement under Mr Yen in collalwration 
with the Council Institute establi.shed a National 
College for Rural Reconstruction. This is in effect 
an institute for training of three categories of 
personnel in public administration, which was made 
possible by the removal of the Institute’s resources 
from Kweichow to Szechnen. The ncwly-consli- 
luted college was provided with Tfichu, the tenth 
prefectural area of the province, as its comniuiiily 
field and immediately inaugurated post-entry train- 
ing of two types: an A type for senior administra- 
tors consisting of mature men, many of whom had 
received their training abroad and had held admitiis- 
trative i)Osts in China. The second, B type, was for 
young graduates to constitute junior personnel. In 
addition, it is expected that opportunity would afford 
in 1941 for re-affiliation with universities who had 
located themselves in the province, in order to renew 
unden-graduatc training. The reconstituted iiisti- 
tiite, in its training-research programme, retains the 
six deparliiieiits wliich were established in Shantung. 
Its noii-routinc-administration budget however has 
had to he reduced to approximately Rs. 2% lakhs 
per annum. 

(vne of the most significant war reconstruction 
development of the Government has been Industrial 
Co-operation. China’s modern industry had become 
established only near the treaty ports and this was 
the area occupied by the Japanese within the first 
12 months of the China incident. Free China could 
only remain free \>rovided in addition to war supplies 
she could assure a minimum of essential consumer 
goods. Circumstances of transiwrt and of particularly 
finance would have made import almost prohibitive. 
Fortunately the imagination and foresight of a halt 
a dozen private individuals were able to bring togethei 
the two essentials required for the establishment of 
industrial co-operation, namely, tools and traiiie»l 
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workers. A significant quality of the former were 
evacuated to the interior from the coast by Hcrculian 
effort. There were hundreds of mechanics of various 
categories among thousands of refugee.s and these 
were registered and assigned to specific functions. 
Initially the movement got under way through private 
funds collected by the small handful of enthusiasts 
whose demonstration was sufficient to ‘prime the 
))ump* in obtaining Oovenimcnt support. In less than 
three years, some 1700 societies with 23,000 members 
have become established with a monthly pnKluction 
of 8 million Chinese dollars. The dependents of these 
members number 200,000. The products come under 
ten main categories and arc meeting an important 
part of the nation’s military and industrial needs. 
It is expected that the eventual establishment of 
30,000 of thCvSe co-operatives will provide an economic 
base which would make China relatively independent 
of most of the es.sential items hitherto imported. 

Many of- these industrial co-operatives have 
formed also supply and marketing departments. The 
movement has been fortunate to enlist foreign expert 
advice oji technical matters and some degree of 
research. These emergency societies will undoubtedly 
lead to a future national federation after the war. 
Crroups of them have already formed Unions, the 
various departments of which are linking up with 
Farmers* Societies for the purchase of raw materials, 
and it is hoi)ed that this will result in the permanent 
establishment of numerous consumers* Societies, and 
l)ring about the comj)Ietion of the co-operative circle, 
witli the pre-war credit and marketing societies. 
Another ancillary activity, although possibly as signi- 
ficant as the establishment of industrial co-operation 
itself is its development of education. The Chinese 
co-operative law decrees that 5 per cent of the profits 
must be utilised for a common good fund. The 
iiidu.strial co-operatives arc providing 10 per cent for 
schemes of education and welfare. This education 
is remarkable in that it emphasises manual skill and 
science as well as literary and social activities in the 
group. There has been an additional problem to 
solve in meeting the necessity, particularly under the 
war time conditions, to train staff for the rapidly 
expanding industrial co-operation movement and 
which has been initiated under almost insuperable 
difficulties in 7 regional institutes, where organised 
courses for 10-12 weeks are given as preliminary to 
*post entry* training in the co-operatives themselves. 


Diffkrknces betWKfn China .and India 

Rural reconstruction to overcome the lag between 
Me<liavalism and the utilisation of modern knowledge 
cannot be successful if dependant entirely upon cash 
imrchase. The latter on account of low economic 
conditions and inadefiuale purchasing power must 
l>e limited largely to providing the training of self- 
help workers and their supervision together with 
necessary additional technical functions which cannot 
be provided Ibrough voluntary effort. The recogni- 
tion f)f this principle came early in the Chinese 
experience as it has here als<^ in India. But in China 
there are two fundamental differences that supervision 
through cash purchase is functional and specific 
rather than general and non-specific as in India and 
that training of voluntary workers is chiefly through 
drills while lectures are limited entirely to demons- 
tration as the reconstruction worker can be trained 
successfully only by action and never through talk. 
The former difference refpiires amplification. The 
specific problem of reconstruction is postulated as 
follows : - Knowledge of belter seeds, of improved 
animal husbandry, of successful methods of co- 
operation, of control of causes of excess mortality 
due to gastro-intestinal disease, malaria, smallpox, 
etc., is available but the problem is developiiienl of 
methods which will bring the knowledge w'ilhin 
the practice of the individual villager. It would seem 
that the trend in India, referring to Bengal parti- 
cularly, is to select trainees from groups of villagers 
in each thana who will each be provided with a 
smattering of knowledge in all fields during the 
period of a few weeks in caiiq) and upon return to 
their respective villages will be responsible for initiat- 
ing new pracliees in these fields into the daily lives 
of the villagers. Supervision of these peripheral and 
voluntary workers comes through the Circle Officer, 
who possibly may content each trainee once a month 
•or at longer intervals. This Circle Ofilcer himself is 
a general adminislratur, who has not had technical 
training in any specific field. Conseipieiitly, while 
possessing an intelligent* realisation of the problems 
involved he must refer technical matters for solution 
to the duly constituted authority somewhere between 
him and the Divisional Centre with all the delays 
attendant in India upon instituting a new file and 
.securing action. However, the most .serious defect is 
tile absence of proved methodology in which the 
trainee can be drilled. This methodology for the 
purpose in view must be one that under technical 
supervision has been shown to be practicable of 
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undertaking liy voluntary ‘self-heli)’ effort. It is 
insufficient, for instance, to tell the trainee that liastro- 
iiiteslinal disease is due to soil-pollution and conta- 
minated water to l)e controlled by sanitary nii*ht-soil 
disposjd and safe water. He must, himself, be given 
repetitive opportunity to dig latrines and wells. And 
these and other drill measures must have been pre- 
viously standardised for local conditions. 

The Chinese metliodology was developed along 
functional lines as being more effective under rural 
circumstances. Kxperieiice proved that a voluntary 
village worker with the limitations of his own educa- 
tion and the technical background providable in a 
brief period could not effectively undertake self-help 
development in more than one ticld ; and, he could 
even then do this only if lu'ovidcd with constant 
technical supervision. The result of experience led 
to the following unit schemes of organisation based 
upon an area and population that in India would be 
a sub-division. Administering this is encountered 
the first *gencraV administrator, under whom were 
functional divisions designed to bring the necessary 
technical supervision to the v'oluiitary village worker 
at fretiuetil intervals. In turn, the village workers 
were designated by each one <jr two villages (approxi- 
mately 2oo-,^oo families) for training in each major 
field provided at the subdivisional centre and as stated 
the training was entirely drill. Supervision and 
technical services were organised in terms of the 
particular administrative needs of each field. For 
instance, the maximuin nninbcr that could be handled 
by the unit of the primary health centre was found 
to he 2o,of>o i)opulatimi in a radius of 3-5 miles, 
whereas the primary iieripheral units of agriculture 
and of co-operation were 4-5 times this area and 
poiiulation. There is no time to describe the detailed 
administration of even one field. JUit the following 
summary of the public liealth may illustrate the priii-* 
ciple in niiestion. Self-heli) in the village was repre- 
sented by three individuals: — the voluntary health 
worker, the school teacher, and the ‘dai’. Each 
received a i^criod of drill at the secondary snb- 
divisioiial centre in previously defined standardized 
routines. The technical staff at each primary health 
centre consi.sted of what in India would be designated 
a sub-assistant surgeon, a visitor and a dresser- 
coniponnder. These had received drill training at a 
<listrict base. The primary-centre personnel dis- 
charged their curative functions in the mornings to 
the patients largely referred from the village health 


workers and in the afternoons rotated through the 15 
or 20 villages to undertake .siij^ervisory technical 
functions chiefly preventive. The primary centrL* 
staff returned to the vSul>- Divisional secondary centre 
over the week-ends for 'post-entry* training. In the 
mcaiilimc the ‘D. P. II.* type of personnel at the 
secondary suh-di visional centre spent part of the week 
suiiervisiiig the primary centres. Similarly, the 
village workers, as circumstances demanded, attended 
the primary centres for conferences, and once a year 
retnrncd to the secondary centre generally during New 
Year’s. The cost of such a health administration was 
approximately 15 Chinese cents per annum or from 
2 to 3 annas per capita, taking the purchasing power 
of (he rupee as eiiiiivaleiit to the Chinese dollar. 

The mechanism of rural reconstriictioii as even- 
tually stabilised was to take the sub-division (bsien) 
as the unit of operation and to set-up the secoiularv 
centre at the sub-divisional headijiiartcrs. Tliis 
included tecbnical personnel and facilities for eaeli 
of tile social fields. iMass education was the vehicle 
through which other reconstruction activities were 
built around. b^xj>ericnce proved that little value 
could result from education of adults after the age 
of 30 years and consequently mass education was 
limited to adolescents and young adults. *riie pro- 
ducts of education were constituted into a sc*lf- 
governing village association who selected individual 
memhers to be sent to the .secondary ceutres for 
training in the separate fields and then ui)on comiile- 
lion of training were made responsible for the 
extension of activities in that field within the village. 
As has already been indicated in each field the volun- 
tary workers were provided with standardized plans 
which were supervised from the primary technical 
centre of each administration. It was considered that 
the initial stage of reconstruction was ])assed when 
the village in question had reached the level of con- 
stituting its own iiriniary school, the teachers for 
which, regardless of previous conventional training, 
were given additional instruction at the Noriiuil 
School at the secondary centre. vStabili.sation of re- 
construction required the period necessary until the 
jiroducts of these schools could lake their place in 
the community. The pedagogic motive within the 
school was one whereby the pupils reduplicated 
various activities of community life in their school 
syllabus particularly in agriculture, co-operation, 
health and civics. 
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The characteristics consequently of Chinese 
I vconstruction are : — 

(a) Specifically trained voluntary self-help in 

the villages for each major social func- 
tion to be reconstructed. 

(b) Weekly supervision of voluntary workers 

in each field by specialised technical 
officers. 

(r) Administration organised by specialised 
function from the secondary sub- 
divisional centre through to primary 
centres in the villages. The first gene- 
ralised officer met with was the one 
admiiii.stering a sub-division. 

(d) The development of administrative metho- 
dology is the resi)onsibility of univer- 
sities who themselves control large units 
of population for the purpose of deter- 
mining practical means of applying basic 
knowledge for the welfare of the indi- 
viduals in the community. The univer- 
sity is naturally also responsible for 
training the senior administrative officers 
in each major field of application 


of knowledge. The junior personnel 
are trained locally at the district base 
while the village workers receive their 
training at the sub-divisional .secondary 
centre. 

The equipment and methodology of activities 
from the sub-divisional base to the village were 
standardized. 

The primary function of reconstruction in China 
was to initiate and to co-ordinate interested and duly 
constituted organisations and institutiims to the joint 
solution of social-economic problems of the villages. 
Reconstruction administration did not include the 
responsibility either of .solving the technical problems, 
which w'ere considered to be a resi)oiisibility of insti- 
tutions, or of administering activities that \Yas the 
responsibility of duly constituted technical adminis- 
trations. This policy seems significantly difiereiit on 
lx)tli counts from that developing in India, where 
reconstruction qua reconstruction not only itself 
attempts to develop the methodology to solve the 
social-economic problems but is even undertaking 
administration du])licating duly constituted adminis- 
tration. This policy is wholly untenable and will 
have to be revised if reconstruction in India is to 
produce significant results. 


ELECTRON MICROSCOPE DISCLOSES SOAP’S TWISTED FIBRES 

13 y aid an electron microscope, magnifying reality 1 13,000 times, scientists have seen the mysterions 
structure of soap. vSoap is revealed as consisting of bundles of fil^res, some of them twisted, reiK)rls 
Hr J. W. McBain, Stanford University professor of Chemistry. Possibility that soap may be photo- 
.graphed in even greater minuteness, showing the very atoms that make up the molecules, is foreseen, as 
the next step towards solving soai) secrets. Scientists admit that they still do not know what happens 
chemically when you wash your hands wdth soaj). Dr McBain believes that when the physical structure of 
•^oap is understood, it will be easier to discover why soap dissolves dirt. 


— Science Digest. 
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OBITUARY 

Sir Shah Mahammad Sulaiman 

l^y the sudden and iintiTriely death of Sir Shah 
Mahaniined Sulaiman, India has not only lost a great 
jurist and a great scholar, but scholars all over India 
will miss in him a genuine and sympathetic friend. 
He died prematurely at the early age of 56 in full 
possession of mental and physical vigour. Great 
things were expected of him but he has passed away 
with his mission unfulfilled. 

Sir Shah vSulaiman came of an old family of 
Muslein scholars who had Ixien settled for over 500 
years in Jaunpur. We always read in history of 
Muslem invaders but we hardly realise the large 
number of learned scholars who were brought in their 
train to India to build up centres of Arabic and 
Persian culture. Sir Shah vSulaiman’s family was one 
of these types and had produced a long line of Persian 
and Arabian scholars. The most prominent amongst 
his ancestors was Mollah Mahmud who in the time of 
Hmperor vShajahan had acquired a great celebrity as 
the foremost exponent of the Muslim scholarship in 
the sciences of astronomy, i)hysics and chemistry. He 
was Sent by Kmperor Shalijahan to Central Asia to 
study the organisi\tioii of the Great Observatory at 
Somarkand built by Ulugh 1 kg, grandson of the 
famous Tamerlane, but unlike him a mild ruler and 
ac6^plished scholar. This Observatory, it may bt 
mentioned, was the best of its kind in the world in 
the 15th century. Mollah Mahmud submitted full 
plans for the construction and maintenance of an 
(Ibservatory in India, but this was not given effect to, 
because the funds reserved for this purpose had to be 
diverted to other purposes. Tlie Observatory came 
nearly 100 years later through the initiative of 
Maharaja Sawai Jaisingh of Jaipur, who was com- 
missioned by the Emperor Muhammad Shah to carry 
out this task. 

Dr Sulaiman’s father was a j)leader at Jaunimr 
and he early distinguished himself in his studies, 
particularly in the mathematical and physical sciences. 


Uate Professor Ganesh Prosad was one of his teachers 
and from him he imbibed his taste for iiiatliematics. 
He stood first in B.Sc. examination from Allahabad 
University and received a State scholarship for study- 
ing abroad. At Cambridge, he took his degree in 
mathematical tripos and missed his wranglcrshij), 
being placed in the second division (senior optimes). 
He returned to India as a barrister about igog and set 
up private practice in the Allahakid High Court. 
Within a short time, he built up a very extensive 
practice and became one of the foremost members of 
the Bar. He was elevated to the Bench in igso nt 
the early age of 34, and while still in early forties, he 
1 )ecame chief justice of the Allahabad High^ Court in 
ig32. His work as justice and chief justice was 
marked by vast erudition and quickness of decision. 
In spite of absorption in his legal and judicial duties, 
he always retained his interest in science. As soon as 
he could get some relief from his onerous duties as 
chief justice, he returned to his old love with grim 
determination. He was very fond of the company of 
scholars and for every physicist and mathematician at 
Allahabad, his doors were always open. He tackled 
one of the most abstruse subjects of the present times, 
namely the theory of relativity. He was able to 
deduce some of ihe results of Einstein with simpler 
mathematics and in .spite of what has Ijeen .said no- 
body has yet been able to find- any flaw in his 
inathcmalical calculations. He felt however that tin; 
proper domain of the application of the principle of 
relativity was moilern physics, a subject of whicli 
he had not much knowledge, and he turned his atten- 
tion to the study of phy.sical sciences. But this work 
has been left unfinished by his untimely death. 

The writer of the present note feels his loss mote 
lh;ui a personal one because in course of his long stay 
at Allahabad, he had developed intimate friendship 
with Sir Shah Sulaiman. Besides taking interest in 
mathematics, he took interest in other cultural 
subjects. Following the traditions of his family, In-’ 
had collected a large number of old Arabic and 
Persian manuscripts and had arranged to publish them 
with the aid of learned scholars. As a vice- 
chancellor of Aligarh University, he brought new life 
to the institution. He knew almost every member of 


Notes and News 


693 


April, 1941 

ihc Muslem University iiersonally, and nothing gave 
him more genuine pleasure than watching a young 
man work hard and get laurels at home and abroad. 

A more detailed life sketch of Sir Shah 
Mahamraad vSulaiman will be published in a subse- 
([iient issue, after we are able to collect more details 
about his career. 


Sir George Abraham Grierson 

Thk death has occurred of Sir George Abraham 
Cirierson, the famous authority on Indian languages. 
Horn ill Dublin in 1851, he was appointed to the 
Indian Civil vService in itS;.; and spent most of the 
period of his official career in Hcngal and Bihar. vSir 
George had studied Sanskrit and Ilindusthani even 
wlien he was an undergraduate at Dublin ITniversity 
and his long stay in India gave him the much-desired 
oi)portunity to continue his studies in Indian linguis- 
tics. For five years before his retirement from service 
in 1903, he was put in charge of the Linguistic 
Survey of India and the results of his labour are 
embodied in his monumental volumes 011 Indian 
languages. Kven after his retirement from India he 
wrote many papers in various journals of oriental 
societies and made contributions to the Kncyclofynedia 
IWltannica on Indian languages. He was the recipient 
of i) number of honorary doctorates from several uni- 
versities of l^urope and also of a number of iiri/.es of 
international societies like the French Academy, the 
Royal Asiatic Society, etc. He was also a fellow of 
many learned societies and international linguistic 
iii.stitutions. He was created a C.T.F. in 1894, a 
K.C.I.E. in T912 and was awarded the Order of Merit 
in 1928. 


Honorary Doctorate for Sir Nilratan Sircar 

At the last convocation of Calcutta University the 
degree of doctorate of science (honoris causa) was 
conferred on Sir Nilratan Sircar, M.A., M.D., L.L.D., 
D.C.L. In this connection the Vice-Chancellor, Sir 
M. Azizul Haque, recalled the long association of 
Sir Nilratan with Calcutta University and his worthy 
seiA'ices for the cause of education in the province. 
I'or nearly fifty years he has served the University in 
various capacities, as a fellow, meinl^cr of the syiuli- 
dean of the faculty of science and medicine, 

1 ‘resident of the council of post-graduate teaching 
in arts and science, and also as vice-chancellor. For 
nearly half a century Sir Nilratan has occupied a 
nnique position not only among the members of his 
I>rofessioh but in the public life of the province as a 
pioneer in all movements relating to social reform and 
'educational advancement of the people. The Univer- 


sity has done the proper thing in honouring one who 
so rightly and richly deserves it. 


University’s Role During World Crisis 

“The universities of the world have always lieeii 
in the forefront of carrying on a vast ainonnl of 
scientific researches for the varying purposes of 
national development and national defence*’, said vSir 
M. Aziznl Hacjiie in his address delivered at the last 
convocation of Calcutta University. In the midst 
of terrible internalioiial coiillicl as we are today, all 
countries have more or less to fall back ui)Oii its own 
resources, the development of which is a primary 
need and is not less important tliaii military defence. 
Intensive researches in applied science are necessary 
for e.xploring and utilising these resources but Sir 
Azizul imt the iJertinent (luestion, how far have we 
done that in this country? Are wc in a position to 
manufacture in India all the steel and iron locomotives 
and machineries, electric goods, tclet)honc and radio 
parts, that wc retpiire for our i>reseiit needs? To 
what extent can we produce the medicinal and othet 
basic reipiireinenls of the country? How far has the 
power of nature available in the country been utilised 
for its economic development ? A much belated start 
has been made in this or that respect and some 
amount of useful work is l)eing done at present but 
the Vice-Chancellor rightly pleads for a large share 
of the work to be entrusted to the universities in the 
country. The Indian universities are willing to play 
their part and take up the vast anion nt of rcsearcli 
necessary for the utilisiilion of the country’s ies(.nirccs 
for national defence and self-sufficieiic>'. Hut this can 
only be done provided the universities are endowed 
with sufficient funds. 

The Right Hon’ble Sir Tej Bahadur Saprii who 
was specially invited to address the grathiates at the 
convocation also harped on the siiiiie tune when he 
urged the professors and scholars of the university 
to do their share in enriching the industrial and eco- 
nomic life of the country by the result of theirtje- 
searches. As for thc*ncce.ssary funds Sir Tej Bahadur 
said, “In my opinion it should be the primary duty 
of every Provincial Gover-nmeiit and indeed of the 
Central Government to help tivem in a generous 
measure with grants for the purpose of such useful 
pursuits”. The universities in India have never had 
reasonable financial aid from the Stale for the prosecu- 
tion of scientific research and the work that has been 
done hitherto has been made possible mostly through 
private benefactions. Now that the Ciovernment 
have realised the necessity of financing on a much 
larger scale various research programmes for the 
utilisation of the conn try's natural resources, it may 
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be reasoiial)ly hoped that consideral)lc liiiaiicial aid 
will be Riven to the universities so that they may 
play their parts in all such research activities. 


Bengali Journal of Science 

WiC are rIjuI to welcome the appearance of a new 
I’enjiali journal (»f science, Mjnaii Patichay, the first 
issiui of which was published in January, 1941. Ihe 
journal, which will be published bi-monthly, aims at 
(lisseniiii'itiuR and i)opulari/inR the knowledge of 
sciences through the medium of the vernacular 
laiiRuaRc. Jn recent >ears Calcutta University has 
made Helical i the niediiiin of instruction in the 
secondary schools and has also introduced elementary 
science in the curriculum of the matriculation exami- 
nation. A Bengali journal giviiiR up-to-date infor- 
mation regarding the progress of science in various 
branches in a simifie and ])opul;ir style will certainly 
be of great benefit to onr younger students and the 
wider j)ublic. The api)earance of a journal of this 
kind has been quite opportune and we hope the 
journal will receive the appreciation and encourage- 
ment that it deserves from the eilucatcd public of 
the province. 

ToUi Solar Eclipses of 1940 and 1941 

AsTRONOJricAL observations made during the la.st 
solar eclii)se on October r, 1940 are expected to give 
results of importance which will prove of value in 
the theoretical study of the sun’s chromosphere and 
corona. The weather conditions throughout the l)elt 
of totality ill vSouth Africa at the time of the eclipse 
were favourable aiul the eclipse was descrilied as a 
perfect one in ever>' way for astronomical observa- 
tions. Extensive preparations had been made for 
observations to be made by parties from Orcat Britain, 
Holland, United vStates etc., but unfortunately the 
l)lans were almost completely upset by the war and 
a favourable oi)portunity has in a large measure Ik^cii 
lostt 

The eclipse attracted much i>opular attention in 
i^oiith Africa. Even the Prime Minister, General 
Smuts, who is a member of the Astronomical Society 
of vSonth Africa spared time to fly from Pretoria to 
Cradock to view the eclipse. A party from the Cape 
Observatory under the direction of Dr Jackson made 
observations of the EiiivStcin deflection. The results 
are not yet available. 

Spectroscopic olxservalions uere made l)y Dr K. O. 
Redman of the Radcliffe Observatory, Pretoria, at 
Calviiiia with a moving plate camera sent out to 
South Africa by the Solar Physics Observatory, 


Cambridge. The purpOvSe of the observations was to 
photograph the transition from the Fraunhofer to tlu 
chromospheric spectrum. Dr Redman i.s pleased with 
the observations obtained and expects .some valuably, 
results when the photometry of the spectra has been 
completed. Dr C. W. Allen of the Commonwealth 
Solar Observatory, Canberra, photographed the flasli 
and coronal siiectra with a high light collecting-power 
spectrograph. To determine the degree of polarization 
ill the corona with a view to throw light on the ques- 
tion of nature of the reflecting particles there, Ih 
Allen used a polarigraph, with which the corona was 
photographed through red and blue filtors. All these 
astronomical observations were made possible 1)\ 
grants from the Government Grant Fund adminis- 
tered by the Permanent lAclipse Committee of the 
Royal Society and the Royal Astronomical Society. 

Astronomers are now looking forward to llicii 
next chance which will come on vSeplember 21, 

The best places to see the next total solar ecHi).se will 
be on the Coast f)f China, between Foochow ami 
Wenchow, as well as Hankow and N^anchaiig. No 
definite jdans have yet been made as it is questionable 
whether foreign astronomers will be able to set up 
their instruments in those areas in next Septe]iil)ei . 
The tip of the moon’s shadow on that day will first 
touch the earth at sunrise in Russia near Astrakhan. 
Then it will cross the Caspkin Sea, the Aral vSe.i, 
Turkestan, Tibet and China. After that it will cross 
the Pacific Ocean including the American island of 
(biaiii. The .sun will Ik* blacked out for a maximum 
period of nearly three and a half minutes in China. 


Medal Awards of the Royal Society 

The Copley medal has been awarded to Prof. 
Paul Eangevin whose most well-known work is tin.- 
foundation of llie electron theory of para- and 
diamagnetism. He has had a great international 
influence and after the death of Dorentz, was elected 
president of the Institute International de Physique 
Solvay. He was awarded the Hughes medal in 1915 
and elected a foreign meml^er of the Royal Society in 
1928. 

The Rumford medal has been awarded to Prof. 
Karl Mamie George Siegbahii for his high precision 
X-ray iiieasurenienls. Siegliahn is at the same time 
a great engineer and has made inventions and 
improvements in every useful type of apparatus con- 
nected with X-ray measurements. Pie has written a 
masterly book on the spectroscopy of X-rays. Ho 
was awarded the Hughes medal in 1934. 

A Royal medal has been awarded to Prof. 
P. M. S. Blackett distinguished for his work on 
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t'osmic rays. Simtiltatieously with Anderson in 
America he discovered the tracks of positrons in 
cloud chamlxirs. He has also made important contri- 
biitions to our knowledge of the heavy electron. 

A Royal medal has been awarded to Dr F. 11. A. 
Marshall, noted for his researches on ocstrous cycles, 
corpus lutcum and removal and grafting of ovaries. 
He is the author of the well-known text lx)ok on the 
‘Physiology of Reproduction* and is generally ack- 
nowledged to l)e the father of this subject. 

The Davy medal has been awarded to Prof. 
Harold Clayton Urey who first succeeded in isolating 
ileuterium. For his work on the isolation of deuterium 
and c.stablishing the thermodynamic, spectral and 
l)hysico-cheniical difference between the stime and 
pure hydrogen, Urey was awarded the Nobel ])rize. 

The DarvNin medal was awarded to Prof. James 
I’eter Hill well known for his researches on the 
development of various mammals. Few living bio- 
logists have contributed more towards the solution 
of problems bearing on the inter-rclation.ships of the 
main groutis of the inanimalia and on the phylogenetic 
liistory of the Primates. 

The vSylvester medal has been awarded to Prof. 
0 . H. Hardy who has done much to build up the 
tcchnifiiie of modern mathematical analysis. 1 1 is most 
(Mitstanding contributions have been in the theory of 
Uiemann Zeta-function and the theory of numbers. 

The Hughes medal has been awarded to Prof. 
A. H. Comidon whose work on the scattering of 
X-radiation is of fundamental importance in the 
general theory of the interaction of radiation with 
matter. Of late years Compton has fx;en one of the 
leaders in the study of cosmic rays, 


Sir William Bragg’s Address at Royal Society 

I.\ his presidential address to the Royal Society 
Sir William Bragg gave an impression of the increas- 
ing part which .science is taking in promoting national 
welfare in Great Britain. Last year a very important 
move was made in the formation of a .scientific 
advisory Committee under the chairmanship of T/>r<l 
Hankey with a reference which in effect directed it to 
consider the advances of science in their relation to 
national welfare. A committee consisting of autho- 
lities on nutrition, agriculture and economy was also 
up last year to con.sider the scientific aspects of 
ihe food policy of the Government. “The.se coni- 
•nittees have close and direct association with the 
Cabinet. Hitherto men of science were taken 
•a various Gpyernnient departments to act as useful 
6 


items in departmental machinery. But the new com- 
mittees not being i)art of any executive body are not 
hampered by traditions or by set habits. The 
Scientific Advisory Committee is meant to \vatch all 
occasions and opportunities for the employment of 
science in the service of the nation and also for the 
continuous encouragement of that employment. 

On ixjhalf of men of science the president rightly 
stated : ''We do claim that authority shall be exer- 
cised in the light of a knowledge which grows 
continuously and with continual effect on politics, 

on industry and on thought itself We 

shall Ixi taking the better way if in all 
ranks of the state, and especially in those that have 
authority and set an example, we can .arouse a general 
appreciation of the position of, and a constant under- 
standing watchfulness on the increase of knowledge 
and the uses that arc made and can be made of it”. 

It is not universally or even sufficiently under- 
stood how im])ortaut the knowledge of science has be- 
come in every kind of enterpri.se. Since science has 
assumed such a great influence on ail human affairs, 
it would to be (juite perilous to leave its uses to 
liersoii.s who cannot or do not use it rightly. If 
scientists, in their continually increasing contacts with 
public affairs, can show thjil they have .som^jthiiig of 
great value to contribute and that they give it freely 
forgetful of their individual interests, then alone will 
the association of science with Government yield 
great lx?nefit ami bring alKnit the changes that 
humanity desires. 


Study of Indian Culture in America 

Wr have received the Bulletin No. ’S, May 
of American Council of Learned vSocieties entitled 
Indie Studies in America. It contains the results of 
a survey of the materials and facilities for study and 
research in the field of the Indie culture as they exist 
ill American institutions of learning. Details alx)ut 
2rS institutions have been included. They represent 
museums, libraries and also institutions where instruc- 
tion is available in languages of India and Greater 
India and in either related subjects like philosophy, 
anthropology, etc. A list of literary sources available 
in the different centres has been appended under 
carefully classified subjects. The Bulletin is expected 
to lx: helpful for students here with reference to the 
list of museum collections and the bibliography. We 
draw the attention of our readers in this connection 
tf) the article, 'America and Indie Studies’ published 
in the Sciflcinber, 1940 i.s.sue of this journal (Vol. 6, 
p. 126), contributed by Dr Poleman, director of Indie 
Studies at the Library of Congress, Washington, 
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In an introductory article the chairman of tlie 
Committee on Indie and Iranian studies says that 
cultural differences are responsible to dissimilar 
environmental stimuli and when intercourse between 
remote parts of the world arc becoming increasingly 
easy we shall need to harmonize the different civiliza- 
tions. After an able survey of the course of Indian 
(including (keater India) culture and its contacts 
with foreign cultures he deplores the fact that there is 
a great scarcity of materials and available resources 
for a proper apj>reoiation of the value of the contri- 
butions by Indian thinkers and by the Indians as a 
whole. He coiicliules that this is the reason why 
greater attention is being i)aid for studies of Indian 
cultural traits and tendencies. These studies offer 
a vast and fruitful field for research, and will be 
useful for comprehending the world which is now 
coming to be and for meeting its needs. They will 
enrich humanistic study and will furnish inalerials 
for the process of rational thinking and under- 
standing. 


Meetinf^ of the Inter- University Board 

Tiik sixteenth annual meeting of the Intcr-lfni- 
versity Board was held at Trivandrum in January 
last. The proceedings of this meeting, a copy of 
which we have received lately, show Ihjit the work 
of the Hoard is gradually becoming important and at 
the same time heavy. The Hoard after considering 
the reidics to their (piestionnaires from the Univer- 
sities has favoured an I. vSo. course with ])liysics, 
chemistry (inorganic and organic), lK)tany and zoology 
with practical cxaininatious as the necessary qualifica- 
tion for entrance to medical course and recommended 
that there is no necessity of a further preitiedieal 
course and that the length of the medical course 
should be five years. To encourage sports on all- 
India basis the Hoard is arranging to hold inter- 
university tournaments. The subjects of study for 
the matriculation or entrance examinations should fie 
uniform and with a new to securing this the Hoard 
appointed a committee who have recommended that 
the examination should be in two parts. The com- 
pulsory group will consist of subjects like elementary 
arithmetic and algebra, elementary science, history 
and geography, (the former to be taught not chrono- 
logically blit by movements or stages in the history of 
India), in addition to English and a modern or classi- 
cal language. The second part will consist of subjects 
from wdiich selection should be made in accordance 
with the student's aptitude and the course he pro- 
poses to take u]) at the university or elsewhere. 
Only two papers from one or two groups of this part 
arc to be taken. The recommendation has been cir- 


culated to the authorities controlling these examina- 
tions all over India. Instead of a single entrance 
examination for all students to go to universities, th.- 
Board is of opinion that secondary education ma\ 
be diversified for the Ix^nefit of those taking up v(K';i- 
lioiial courses, which may he followed after separaU 
entrance tests by similar courses of a progressive! \ 
higher grade at the universKy ^age so that 11 il- 
students may specially ipialify for diplomas and 
degrees of universities from the school stage. On 
the recommendation of Calcutta University the Board 
recommended institution of diplomas and degrees in 
aeronautics and metallurgy. Besides these, oHki 
resolutions have been circulated to universities foi 
opinion. Recommendations on these will l>c con- 
sidered at a later meeting. 


Annals of Biochemistry and Experimental Medicine 

This is a new journal, the fir.st issue of whieh 

appeared in March last. It will be publisliL-d 

quarterly under Hie auspices of the Indian Instilnle 
for Medical Research, Calcutta, for the publication 
of mainly original pajiers and also reviews on scieiilitie 
subjects and books and of reports of Sideiitillc 

interests. The scope of the journal apparently con- 
cerns biochemistry and experimental medical subjects 
like bacteriology, iirotozoology, etc. In the first issue 
r6 original papers have been imblislied covering iPi 
pages. They deal with topics like the effect of 

vitamin C on the growth of niicro-organisins, the 
nntritioiial value of the cooked diets, urinary excre- 
tion of combined ascorbic acid in puhnoiiary tuber- 
culosis, enzymes iii snake venom, the sulphur-nitrogen 
ratio ill human urine, the argemone oil theory of 
epidemic drojisy, the ascorbic acid metabolism, 
nicotinic acid and cotiper content of fish, niiiicral 
constituents of human hair, bowel disorders, blood 
eonceiitration of sulphanilaiiiide and sulphapyridin 
H. coli agglutinin in sernni of cholera cases and 
serological experiments with the antigen of riasmo- 
lUiim knowlcsi (malaria antigen). As this list shows, 
the scope of the journal is fairly wide. The papers 
are of a high standard and considering that there is 
an editorial board of eminent representative scientists 
from all parts of India who are concerned in its 
publication, it is expected that the level of piiblii'n- 
tions will be kejit high. The journal no doubt pro- 
vides a valuable addition to the scientific literature 
of the world and we hope it will have a prosperous 
career and receive international attention. 

Considering the fine printing and get-up of the 
issue, the journal appears to be priced very 
.moderately. 
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Dr H. J. Bhabha, F. R. S. 

Rkutur informs that twenty new admissions to 
I lie fellowship of the Royal Society include Dr II. J. 
Idiabha, reader in theoretical physics at the Indian 
Institute of Science, Bangalore, who is descrilied as 
“distinguished for his contributions to the under- 
standing of the cosmic ray phenomena and the 
fundamental theory of elementary atomic particles**. 
In the last March issue of this journal we published 
a short sketch of Dr Bhabha (see pages 500-501). 


Franklin Medal to Sir C. V. Raman 

Thk Franklin Institute of U. S. A. has this 
year be.stowcd its highest award, the hhanklin medal, 
iil>on »Sir C. V. Raman in recognition of his 
le.searches covering the last quarter century, in 
jiarticular for his discovery of the Raman effect. 
After a brilliant academic career in Madras Uni- 
versity and few years in the Indian Audit and 
Accounts vService, Raman joined Calcutta University 
as the Balit professor of physics in 1917. Since then 
he established a reputation for this university as an 
active centre of research in phy.sics. lie was made 
a fellow of Royal Society of London in I9:j4 in 
recognition of his valuable theoretical and experi- 
mental researches on scattering of light which 
culminated later in the discovery of Raman effect in 
1928. After this, honours were showered upon him 
ill India and abroad. He presided over the Indian 
Science Congress in 1929. He was awarded the 
.Mateucci medal by the Acadeiiiie dei I<incci of 
Rome. In 1950 he was the recipient of the Hughes 
medal of the Royal vSociety of Uondon. The same 
year he was awarded the Nobel prize in physics. 
For the last few years Sir C. V. Raman has been 
fscliiig as the head of the physics department at the 
Indian Institute of Science, Bangalore, where he 
liMs already set up a very active school of experi- 
mental and theoretical research. Very few foreigners 


have been recipient of the Franklin Medal, founded 
in honour of the great Benjamin Franklin, scientist, 
philosopher, and politician, who in the last capacity 
played a very active, nay almost decisive, pyrt in the 
American War of Independence of 177^^. We under- 
stand that Sir C. V. Raman is taking a trip to 
America for receiving the medal. May we not hope 
he may return with the inspiration of h'raiiklin ! 


Announcements 

At the annual meeting held on the loth March 
last, the following gentlemen have been elected office 
bearers of the Indian Muskum for the year 1941-42 : 
Chairman, Maharaja Sir Prodyol Coomar Tagore 
Bahadur, K.C.I.U. ; Vice-Chairman, Sir Abdul Halim 
(Ihuznavi ; Hony. Secretary, Mr. A. F. M. Abdul Ali, 
F.R.S.Iy., M.A. ; Jlony. Treasurer, Mr. S. N. Bal, 
M.Sc., Ph.C. 

At the Annual Meeting of the Rdvm, Socikty 
held on November 30, the following officers and 
members of Council were elected for the ensuing year. 
Tresidenl, vSir Henry Dale ; Treasurer, Prof. T. R. 
Merton ; Secretaries, Prof. A. V. Hill and Prof. 
A. C. Ci. Itgcrlon ; Foreign Secretary, Sir Henry 
Tizard ; Members oj the Council, Prof. P. M. S. 
Blackett, Prof. F. T. Brooks, Dr C. (1. Darwin, Dr 
A. N. Drury, Dr H. J. Gough, Prof. J. B. S. Ilaldaue, 
Prof. I. M. Heilbron, Prof. O. T. Jones, Prof. R. T. 
Ueiper, Sir Thomas Middleton, Prof. L. J. Mordcll, 
Dr C. F. A. Pautin, Prof. A. S. Raper, Prof. K. K. 
Rideal, Dr F. J. W. Roiighton, Prof. A. M. Tyndall. 

Sir Henry Dale, the new president of the Society 
is director of the National Institute for Medical 
Research. For ten years (i92.S-.35)i 'vas one of 
the secretaries of the Royal Sopiety. He was awarded 
a Royal medal of the Society in 192/I and the Copley 
medal in 1937. In 1936 he shared the N<)l>el prize 
for medicine with Prof. Otto Uoewi of the University 
of Graz. 



Science in Industry 


New Use of Colloidal Carbon 

Kkskarcii workers at the Mellon Institute of 
Industrial Research, U. S. A., have recently found 
that colloidal carbon, coniinoiily known as carlx)n 
black, is an effective grindinii' aid in the manufacture 
of Portland cement. Setting properties of cement 
and hence the ultimate strength is increased with 
increasing lineness attained during the grinding pro- 
cess of the burnt clinker, and it has been found that 
even an admixture of o'A2 per cent, of carlx>n black 
in the clinker increases the fiiieiicss of the cement by 
30 per cent, when the time of grinding is constant, 
or decreases the grinding lime by 28 per cent, when 
the grinding is run to a fineness as that of the cement 
without carbon. With an one per cent, addition 
these improvements become 50 per cent, and 34 per 
cent, respectively. It has been found further that 
the addition of colloidal carbon up to the extent of 
r per cent, does not apiireciably alter the consistency, 
settling lime, or the soundness of the cement. So it 
seems that even if the cement is marketed with a 
fineness as at present there will be much time and 
power saved simidy by adding r per cc.nt. of caribou 
black to the clinker and then grinding. The colloidal 
carbon used was manufactured from natural gas, with 
l)hysical and chemical properties similar to the carlx>n 
black used in the rubber industry, for which the 
demand of carlx)n black is already very high. This 
new avenue added to the former one will make the 
manufacture of colloidal carbon a separate industry 
by itself. • 

N. K. S. G. 


Jute Plants In Russia 

Thk recent Bulletin of the Indian Central Jute 
Committee contains a report that the All-Union 
Institute of Plant Cultivation has for the past 13 
years been Carrying on experiments in the cultivation 
of jute in the U. S. S. R. and has proved that this 
important industrial crop can be grown successfully 
ill the Soviet Union. From among 150 varieties 
imported from India and various other tropical and 
sul)-tropical countries and planted by the Institute in 


certain districts of Trans-Caucasia and Central Asia, 
the varieties Corchorus capsularis and Corchotus 
olitorius have been selected. These plants yield 13 
to 25 per cent, of fibre, and jiroduce a crop of seeds, 
which will make it pOvSsible to cultivate jute in tli- 
U. S. S. R. on an industrial scale. At present the 
lusiitiite is trying to acclimatize varieties with .1 
greater yield. 

Auotlier reiiort hints at a ixissible artificial deve- 
loiiment of fibres. In case of bean plants it has been 
observed that after the leaves and stems are sprayed 
\^ith naphthaleiicacetamide the increased camhial 
activity in the stem results in a relatively larger 
amount of secondary thickening of the fibre walls. 
Research for similar response in flax, hemp and jule 
deserves consideration. 


Rot- Proofing of Sandbags 

It is well known that bags filled with .sand or 
soil when exposed to weather are particularly liable 
to rot and finally crumble down. Kspecially during 
this wartime, when a large number of sandbags are 
being used for protecting buildings, trenches and for 
other defence purposes, it is of utmost importance to 
increase the life of sandbags. P'or the last two years, 
Imperial Chemical Industries Utd., was engaged on 
this problem and lias developed a very cheap and 
simple process for the protection of the sandbags, it 
consists of dipping the bags in two common chemi- 
cals, sodium carbonate and copper sulphate, so that 
the fibres become saturated with a basic copper 
carbonate suspension. Two processes have been 
developed, “One-bath process** and the “Two-bath 
Iiroccss** depending upon whether the copper sulphate 
and the sodium carlionate solutions are mixed before- 
hand and then the bags dipped, or the bags are 
dipped successively in their separate solutions. 
Equally good results are obtained by both the pro- 
cesses but the one-bath process is simpler to use ; bul 
in treating compact and tightly woven materials, or 
sandbags in compressed bales, it may be preferable 
to use successive immersions of copper sulphate and 
sodium carbonate. It is the copper which gives 
l^esistance to rotting. 
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The l)ags must be treated before they are filled 
with sand. No rot-proofing t)rocess is satisfactory 
when applied to bags already in place. Particular 
care must be taken to treat the thread used tor seams, 
iis it is often here that the rotting l)egiiis. It has 
been estimated (in England) that treatnient with this 
mixture at the present price does not cost more than 
oiie-tenth of a penny per bag of normal .size. 

N K. S, Cr. 


Expansion of India’s Industries 

It is understood that plans for expanding the 
manufacture of weapons and ammunition and for 
enlarging- and erecting ordnance factories are being 
discussed with members of the Supply Mission. 

A 2,000 ton gun forging press, which will Ije the 
largest of its type in India, has been received for the 
Metal and Steel Factory, Ishapore. Several important 
items of plant required for the expansion of ordnance 
factories have also arrived in tlie country. 

A Duosol plant for the production of aero-engine 
lubricating oils will be soon erected under the Attock 
Oil Company. As a result of experiment with the 
new all-scraj) acid process a new source of supply 
of 400 to 500 tons per month of acid steel of medium 
and high carbon gra(Je has been established. 

Production of canned fruits, vegetables and jams 
is being dcveloi)ed and samples have been approved 
as suitable for Defence vServiccs. Anti-anthrax serum 
for veterinary u.se is now produced according to 
demand at the Imperial Veterinary Research Insti- 
tute, Mukteswar. 


Wind in the Generation of F)lectricity 

Wind power is being harnessed in an unprece- 
dented scale for generating electricity in U. S. A., 
according to a short note in the Journal of the 
Franklin Institute. This experimental vento-electric 
station has been initially designed to produce i<^o 
kilowatts. After elaborate meteorological investiga- 
tions the site has been selected on a mountain top and 
is expected to provide a steady wind factor. It is 
proposed to unite in a power line a number of vento- 
electric stations with reservoir-fed hydro-electric 
generators. The new project has required not only 
current research in aerodynamics and meteorology but 
also a great deal of recent engineering developments 
of - numerous industries have been brought to bear 
upon it. The principal problem has been to provide 
the generating unit with accurate speed regulation 
and patentable developments are claimed in this 
respect. • 


Concentrated Nutritional Food 

A F< 30 D supplying an optimum of all nutritive 
reciuirements of a normal person has been developed 
in the department of biology and public* health of 
the Massachusetts Institute of Technology, by 
Professor R. S. Harris and H. H. King, says the 
Technology Nevien', December, 1940. It is .staled that 
the formula was established after a study of the 
various nutritive elements missing from the diet oi 
the low-income group of peoples. The food is com- 
|K)sed of cereals, including wheat, corn, oats, and 
soya-lx*an meal, to which are added the rccpiired 
amount of various minerals and concentrates. 'J'he 
food contains only the nutritive elements and not the 
energy and water supplying elements. It has Ixeii 
assumed that the energy and water supplying elements 
arc sufiiciently present in the ordinary diet, but the 
nutritional elements are not met by the average un- 
balanced menu. Vitamin C has also not been included 
in the formula since it has been assumed that it can 
be supplied by a daily ration of 4 ounces of tomato 
juice, 'rile most interesting feature of the new food 
is that of the co.st. It is claimed that this food could 
l)e prepared at a cost per person of $r.So (nearly 
Rs. 6/-) a year. Certainly this fixxl will be most 
welcome in a country like ours where the income 
per capita is very poor with a consequent deficiency 
of the nutritional elements in the normal diet. 

N K. S, 


Wax from Castor Oil 

E. I. dll Pont de Neinour Co. U.S.A., has 
developed a process for preparation of wax by the 
catalytic hydrogenation of castor oil. It has Ijceii 
named “Opalwax^’ and is comprised es.sentially of 
1 2-hydroxy stearin, and having unusual physical and 
chemical lu'operlies. It is practically odourless, pearl- 
white in colour, has an apparent specific gravity of 
o'g8 to o’99 at 20°C., is extremely hard, and has an 
•acid numixir of less than 2. Opal wax is extremely 
insoluble in solvents. None of the common solvents 
has been found to dissolve as much as 2 per cent, of 
the wax at temperatures jip to 30^C. Sulphuric ami 
nitric acids at high concentrations have got some 
action on it. It is claimed that it can l)e used as a 
substitute for ordinary wax. 

N K. S. G. 


Potatoes In* India 

PoTATOKvS form a common article of diet but the 
most regrettable feature of this crop in India is its 
abnormally low yield. Its cultivation and other related 
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factors have been reviewed in the recently published 
report of the Agrircultural Marketing Adviser to the 
(iovenniieiil of India. Apart from domestic consump- 
tion potatoses are now utilised in industries in other 
countries for the manufacture of starch, dextrin, 
jilucose and alcohol. The report is very informative 
and the whole subject of iKjtato cultivation and 
marketing has been divided into thirteen chapters. 

A century a^^o potato was comparatively unknown 
in India, but today it is probably the most widely 
ftrovvn of all the vegetables. It is an important money 
crop l)cing worth alxotit nine and a half crores of 
rupees. The share of India however both in world 
acreage and prorluction is very small Ixiing less than 
one per cent, in each case. The annual imiiorts into 
India are considerable and average in recent years 
about iiK’ hikli maunds valued at over Rs. 33 lakhs, 
'file total area under potatoes in India during the five 
years ending 1Q39, is estimated at 448,700 acres, of 
which alxnit 90 per cent, are estimated to be grown 
in the plains (including tlie Deccan) and the remainder 
in the hills. Most of the varieties commonly grown 
in India have l^een imported in the past from Kuroj»e 
and N^orth America. 'I'lie so-called dcsi varieties are 
also considered to be imported varieties which have 
become acclimatised and of which the original names 
have been lost. Ai)art from the imported seed, the 
total quantity retained for seed purpose out of Indian 
production amounts annually to 7,932,200 tnaunds or 
i6 t per cent, of the total annual production. Bihar 
is the most important province in this Irespect and 
accounts for nearly half the total (juantity. Potatoes 
either for seed or table use are imported mainly from 
Burma, Italy and Kenya Colony. The heavy imports 
from Burma, Italy and Kenya Colony clearly indicate 
a shortage of production in India. These arc, how'- 
ever, received during the period when Indian supplies 
are low. 

Until a few years ago, very little attention had 
been paid to i)otato rCvSearch. Recently however, 
there has been a welcome change and, under the aegis 
of the Imperial Council of Agricultural Research, the* 
work of potato research has lx;eu considerably stimu- 
lated. India has a vast area of agricultural laud 
suitable for the production* of potatoes, but in spite 


of .such potentialities its annual production is very 
low and wastage due to disease and other factors is 
high. Problems relating to the nature and quality of 
seed requirements under different soil and climatic 
conditions, improvement in yield and prevention of 
diseases, and loss during storage should form impor- 
tant items in the programme of research work. Apart 
from the damage due to diseases and insect i)ests, 
considerable loss is sustained in storage on account of 
the rotting of tubers during the summer months. The 
l>roblem of storage has lately received some attention 
in some of the provinces and States but ij; cannot 1)e 
said to have been satisfactorily solved. Storing at a 
low temperature is the most successful method of 
minimising loss in storage. Loss could also be con- 
siderably reduced if varieties capalde of withstanding 
high temperatures are evolved. 


Jute as a flax substitute 

So long many substitutes for jute have been 
inoduced and, on the other hand, researches have 
lirought forth tiew uses of jute. A recent report 
states that jute by chemical treatment may be used 
in place of flax. The Woodburn Dyeing and 
Purnishing Co., of North Ireland have di.scovered this 
new process. Jute is treated chemically so as to make 
it more sensitive to bleaching dyeing and the like and 
at the same time rendering it more resistant to 
bacterial decay. ‘CeliiP as the resulting product is 
commercially called, can be spun, woven and finished 
on orthodox flax machinery. It is being made on a 
manufacturing .scale and sold at ;C65 per ton. After 
chemical treatment which rcipiires only a few days, 
it is rolled into the required degree of softness, dried 
and cut into short lengths. No batching oil need be 
applied, Celin has no odour of jute products. It is 
quite .soft like wool and can be spun on worsted 
machinery. It can be readily bleached to ^ white 
and no pre-boiling is necessary. Canvas has been 
made of Celin warp and weft, and the goods have 
been approved by the government departments. 
Tjjey are superior to union fabrics of jute and cotton 
made in India. A coloured towel was perfectly all 
right after 150 washings. 



Manufacture of Synthetic Drugs in India* 


P. c. Guha 


Professor of Organic Chemistry, Indian Institute of 
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Tiik latest figures of relatiiij* to the 

import of synthetic (lrii<?s, related fine chemicals and 
dyes indicate that India purchases every year drugs 
and medicines including disinfectants to the value 
of about Rs. 228 lakhs. No separate entries have 
l>een made in the report of the Sea-borne Trade 
Journal for any individual drug or medicine, except- 
ing a few items such as camphor, cocaine, naphtha- 
lene and glycerine. Under the present war condi- 
tions of the world in all cases the prices have gone 
up very high, and S(mic drugs are not at all available 
for any price. ‘ It is an im]:)erative necessity that we 
should find means to i)roduce these substances in this 
country. In undertaking the preparation of these 
substances in this country, the question of finding 
the required basic materials becomes a matter of 
fundamental importance. 

A factor>', which will deal with the preparation 
of synthetic drugs, should also undertake the prepara- 
tion of other useful fine chemicals as the operations 
involved are so clf)se and connected that the manu- 
facture of these can very economically and profitably 
l>e undertaken side by side. There is no doubt what- 
soever that facilities by way of the reiiuisite starting 
materials and technical knowledge are available in 
much greater measure today than during the last 
(beat War. Ihit, all such enterprises, however well 
conceived and designed, are likely to collapse ulti- 
mately if a steady protective policy is not vouchsafed 
to them by the Government after the war ends. In 
his presidential address delivered at the Indian 
»Scicnce Congress this year Sir Ardeshir Dalai rightly 
remarked : 

“No institution, however well conceived and 
designed, can flourish except in suitable political 
atmosphere and conditions. It was the unfor- 
tunate experience of the last war that industries 
created under the stress of the war languished 
and died in the post-war period for want of 
encouragement and protection from Government. 

• Based on a lecture delivered uiuler the joint auspico 
of the Chemistry Section of the Indian Science Congress and 
the All-India Pharmaceutical Conference on January 6, 19*1. 


'i'he activities of the Board t will not lead to the 
creation of new industries unless industrialists 
are assured of reasonable protection from 
Government in the post-war period, when bneign 
competition will be keen.” 


Plants and Kqutpmknts 

The drug manufacturing indu.slry requires first 
vessels of iron, steel, aluminium, and copper to deal 
with the crude products. All these metals are avail- 
aide in the country and it should be possible to con- 
struct the reiiuisile eipiipinents (if neces.sary w'itli 
protective layers of other metals) without much 
difficulty with the help of the trained engineers. 
Operations involving the use of corrosive liquids and 
acids will retpiire porcelain, enamelled or glass-lined 
vessels, '^riie few existing porcelain, eiianiel and 
glassware producing concerns should bo induced to 
undertake the manufacture of such eciuipments. Any 
rc.search that may be necessary in this connection 
should be undertaken forthwith. In many cases, the 
final operations will have to Ik; conducted exclusively 
in glass vessels. Fortunately large si/.e glass vessels 
are iK'ing successfully made at present in India by 
the Scientific Indian Glass Co., btd., Calcutta, and 
possibly by a few other firms, and they will only 
welcome the extension of opportunities for further 
development of their activities. 

It may not be pos.sible, at any rate to begin with, 
to buy or construct large scale i)lants necessary for 
the prcKluction of these chemicals. Due to war con- 
ditions, it is not possible* today to get any of these 
plants and machineries from outside. On the other 
hand, from the materials and workmatiship available 
in India, it .should be possible to build up small 
units of eiiuipment for preparing these chemicals on 
a semi-large scale basis to begin with. If it l)ecomes 
necessary to increase the production, either these 
small units may l>e multiplied in number or large 
size plants constructed. Control of processes will be 

t Reference is here to the Board of Scientific and 
Induslnial Research, 
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easy with small units, risks will be less, and high 
engineering knowledge may not be very essential. 
Added to this, all niruiey si>ent in constructing these 
small units will l)c retained in India. vSystematic 
investigation into the metallurgy of ferrous alloys 
such as tantiron, antac iron, duriron, durichlor, 
ironac, hastclloys, ‘*vStainless’* r8 :8 steels : steels, 

Ni-resist, cverdur, annslrong alloy, etc., suitable for 
the handling and manufacture of fine chemicals and 
drugs etc. should be undertaken at the earliest 
])ossible opportunity in this country. 

PkoCKSSKvS and OUKKATIONS 

A few observations on the nature and variety of 
unit o])erations re'iuired in this kind of industries will 
not be out of place. Unlike the heavy chemical 
industry and factories for the production of sugar 
or soap, fine clieinical industry is not one where a 
single plant can be set up and the product turned 
out on tonnage basis. As the number of chemicals 
retpiired in the preparation of synthetic drugs is very 
large and the processes involved are also mimeroiis, 
.separate unit experiments will have to be set up ff)r 
every class or type of operation. In every case the 
f)lant, niachinerv and apparatus etc. have to be in- 
dividually clioseii, depending on types of reactions, 
capacity, durability and installing cost. The prin- 
cipal processes involved are (i) nitration, (2) aniina- 
tion, sulphonation, (4) halogeiiation, (5) oxidation, 
(6) reduction, (7) alkylation, (8) acylation, (9) diazoti- 
sation and coupling, (r<i) esterification, (11) hydro- 
lysis, (12) decarboxylation, (13) electrolytic opera- 
tions, (14) catalytic processes, (15) different kinds of 
condensations, (16) effecting uiisaturatioii, (17) addi- 
tion reactions, (18) ring closure, and (iq) ring 
opening, etc. 

The economics of chetnical manufacture lies in 
the successful recovery ami utilisation of bye- 
products. In the preparation and purification of 
organic chemicals the use of solvents is very common, 
and the right choice of which for a particular reaction 
and an expedient recovery of the same is essential. * 

RAW Mvtkrials 
« 

It is well known that the sources of raw 
materials necessary for the pnxluction of these 
synthetic preparations are products chiefly derived 
from coal lar, t^ctroleiim, wood distillation and 
fennentation iiuhislrics ; in some cases animal and 
vegetable products also form useful starting materials. 
Although plenty of coal tar is available from coke 
ovens and other gas companies, little systematic 
attem]it has yet been made to recover the various 
valuable prod\icts contained in them. Solvents like 
alcohol, fusel oil, glycerol and various glycol^ form 


the products of fermentation industry. At present 
ethyl alcohol is perhaps the only item produced by 
this process in India by the fermentation of molasses. 
Excepting coal tar and petroleum which are available 
only in selected areas, most of the other raw materials 
mentioned alx)vc are available in many parts of India. 
India’s ix)tentiality with regard to oils and seeds is 
enormous and w^ell established'; 

Inorganic ReagbnTwS 

In the process of preparing or synthesisiti.g 
organic chemicals like drugs, inorganic reagents are 
recjuired almost at every step and operation. There- 
fore, in addition to the availability of organic raw 
materials, we have to look for the availability of the 
inorganic chemicals. Amongst others, special nieii- 
lioti should Ixi made of ordinary mineral acids, 
caustic alkalis and alkali carbonates ; sulidiur, pirns 
pliorus, arsenic, antimony and their derivatives ; 
lialogens and their acids ; ammonia, sodium, silver, 
lead, mercury, copper, tin, bismuth, iron, nickel, 
aluminium, zinc, calcium, magnesium, platimitn, 
paladium, selenium, and their oxides aiul stilts, alloys 
and amalgams. vSources of supply of most of these 
chemicals occur in the mineral resources of iln- 
country, and a few heavy chemicals like miiieial 
acids, alkalis, and salts are already being niaiiiifac- 
tured in this country. Inorganic chemists in Iiidi.j 
should immediately undertake research on the pn- 
I>aralion of important inorganic reagents reiiuircd for 
drug manufacture, such as sodium, SO3, vS()Cl.j. 
chlorsulphonic acid, red and yellow phosphorus, P-U ,, 
PCI3. PCI3, POCU, I,. Bi-a, etc. 

Earour • Skili.kd and Ordinvry 

PVom the Indian universities, it is possible to 
gather an army of qualified scientific men. The 
research experiences also have advanced so much 
that India may hope to be self-sufficient so far as 
skilled labour is concerned. The lack of opportuni- 
ties for want of sufficient industrial development of 
the country is one of the chief reasons for the un- 
employment of our graduates. With the teemin.e 
millions of labourers available in India, much of tlu. 
ordinary mechanical work done by machineries in 
other countries could l>c done at the initial .stages 
by means of man power. Not that machine power 
wherever available should not be welcome but the 
utilization of manual lalx>ur will, to a certain extent, 
provide a means of livelihood for our unemployed 
labourers. 

Nkkd for Research 

It is a matter of common experience that the 
various methods described in the literature in- 
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cludiiiR patent specifications for the preparation of 
drugs appear so conflicting and undependable in 
])racticc, that it becomes eSvSential to find out by 
actual experimentation the Ixjst method and condi- 
tions necessary for their convenient production in 
good yields. The selection of the method is to be 
made keeping in view of the case and convenience 
with which the requisite starting materials can be 
made available in this country, and thus these preli- 
minary experiments themselves will be of funda- 
mental importance and utility. Having found out 
tlie method, the pnx'css is to be tried in a small 
])ilot plant *l)efore trying it in the final large scale 
j>lants. 

Important Drxtos 

The following is a list of useful and important 
ilrugs (selected in consultation with medical practi- 
tioners and firms) whose manufacture should Ixj 
started in this country without delay. 

ANT[SEI>'riC.S AND DISINFKCTANTS : T. Plietiol, 2 . Salol, 

3. Resorcinol, 4. (iuiacol, Guiacol carbonate, 
Guiacol •ix)lassium sulphate, 5. Thymol, 

6. P-Naphthol, 7. Tribromophenol, 8. Iodoform, 
g. Formaldehyde, to. Ile.vamine, it. Chlora- 
mine T, 12. Acriflavine, T3. Dermatol, i/\. Protar- 
gol, 15. Methyl violet, t6 . Crystal violet, 
17. Auramine, 18. Rivanol, ig. Rhodaminc, 
20. Chinosol, 21, Brilliant green, 22. Malachite 
green, 23. Trypan red, 24. Trypan blue. 

1 Tr(;ativrs and Apkkitivks: i. Phenolphthalein, 

2. Orexin (phenyklihydroquinazoline). 

Diurktjc.s AND URIC ACID soi.vFNT.s : I. Caffeine, 

2. Pipera/.int, 3. AtopJian, 4. Salyrgaii, 5. Theo- 
phylline, (y. Theobromine. 

V.\so-a)NSTRTCTORS : 1. Adrenaline, 2. Kphedrine, 

3. Benzidrinc, 4. Alkaloids of Krgot : Krgotoxin, 
h'rgotamine, Brgometrin, Ergotinine, Tyramine. 

\\\so-Diu\TORS : T. Amyl nitrite, 2. Ethyl nitrite, 

3. Nitroglycerine, 4, Octyl nitrite. 

Antipyretics and Anai.gesics : i. Acetanilide, 

2. Phenacetine, 3. Benzoic acid, 4. Salicylic acid, 
5. Aspirin, 6. Anlipyrine, 7. Pyramidone. 

Narcotics and oenerau Anaesthetics : i. Cyclopro- 
pane, 2. Ether, 3. Para-aldehyde, 4. Acetophenone 
5. Chloroform, 6. Urethane, 7. Adaline, 8. Chlo- 
ralhydrate, 9. Chlortone, 10. Avertine, 

II. Veronal, 12. Luminal, 13. Evipan, 14. Sul- 
phonal, 15. Trional, 16. Tctronal. 

I/XAu Anaesthetics : i. Ethyl chloride, 2. Anaeslhe- 
sine, 3. Novocaine, 4. Cocaine, 5. Eucainc. 


Anti-pr(^tozom. and Antipacteriai. DruCiS : 

1. Atoxyl, 2. Tryparsamide, 3. Caibarson, 

4. Nco-salvarsan, 5. Slovarsal, 6. Sulidiarseiiol, 

7. Solusalvarsaii, S. Mapharsidc, g. Ih'ea 
Stibainine, 10. Neostibosan, ir. Neo-cardyl, 
T2. Mercurochrome, 13. Merthiolate, 14 Emetine, 
15. Yatren, t6 . Vioform. 

AnTimai.artals : i. Quinine, 2. EiKininine, 3. .\risto- 
quinine, 4. Plasmoquine, 5. Atchrin. 

SuUPlIANIUAMlDE GROUP OF DRUGS : T. Sul plianilamidc 

2. Pronlosil, 3. Prontosil sol., 4. Prose] >ta/ine, 

5. Sohiscptazine, 6. Rhodilone, 7. Uleron, 

8. Albucid, 9. Dagenan, 10. vSulphathiazole. 

MisCEU.anEous druciS : 1. Camphor, 2. Coraminc, 

3. Glycerophosphates and choline hydrochloride, 

4. Cardia/ole, 5. Cantharidine, 6. Calcium f^luco- 
nalc, 7. Aiilinogen, 8. vSulphoform, g. Solganol, 
TO. Mandelic acid, 11. S. V. P. 36. 

Hormones : t. Adrenaline, 2. Thyroxine, 3. Insulin, 

4. Androsterone, 5. Testosterone, 6. Oestrone, 
7. Progesterone, S. Stillx)Sterol. 

Vitamins: t. Vitamin A, 2. Vitamin Bj, 3. Vitamin 
Bg, 4. Vitamin B^, 5. Nicotinic acid, 6. Vitamin C 
(Ascorbic acid), 7. Vitamin D, 8. Vitamin K. 

Work has been and is being done in tlic writer’s 
lalwratory on .a few of these drugs, winch have been 
italicised in the list given above, both in relation to 
the production of the recpiisite starling materials as 
also the finished products. 

Synthetic drugs have to be subjected to i)harma- 
cological and clinical tests before releasing them for 
medical use. It is pitiable that sufficient facilities 
for .such tests are not available in our country. How- 
ever, it is gratifying to note that the Indian Institute 
of Science at Bangalore has made a beginning in 
this direction by opening a section of idiarmacology, 
where synthetic drugs produced will undergo pharma- 
cological and clinical test. 

Ekgisuation 

There should be comi>letc governmental pro- 
tection afforded for all indigenous industries. This 
can be achieved by (i) raising the tariff rates for all 
imported substances, if necessary for a restricted 
period, (ii) withdrawing duties on .solvents like 
benzene, petrol, alcohol, etc. and other raw materials 
required for drug manufacture, {Hi) encouraging a 
policy to purchase as far as possible drugs and chemi- 
cals made in India, (iv) providing transport facilities, 
by bringing down freight charges for transport of raw 
iiialcrials and finislied products, which is very 
necessary because of the vastness of India so that 
these products may reach all parts of the country. 
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Deficiency of Vitamins C and P in Man 

Hfiitsath et al {Nature, Jj.''', 79^, 1936) observed 
that the survival time of jjuincapifts kept on a scor- 
butic diet could be prolonged from 28*5 to 44 days 
by the administration of vitamin P. At autopsy the 
animals receiving sui)plcmenls of the vitamiti showed 
significantly fewer haemorrhages. The authors there- 
fore concluded that the haemorrhages of si urvy were 
partly due to the absence of vitamin P and scurvy 
was the result of the combined deficiency of vitamin 
C and vitamin P. Zilva however observed (Biochem. 

J/. QbS, t037), that the postmortem ai)])earaiice 
described by Beiitsath ei al could be reproduced by 
the administration of minute amounts of vitamin C 
(0*1 mg. daily) and contradicted the existence of 
vitamin P. vSearborough {Biochem. J. 33, 1400, 1939) 
observed that a diminished capillary resistance was 
present in people getting a deficient supply of 
vitamin P and the capillary resistance could be in- 
creased by the administration of vitamin P and not 
by vitamin C. Zacho (Jr/va path, microbiol. scand., 
i(y, 14/1, 1939) confirmed the observation of Scar- 
lx)rough in experiments with guineapigs. In scor- 
butic gnincai>igs capillary resistance could lie 
increased solely by the adniiiiislration of vitamin P. 
Recently Scarlxirough {lAincet, 2, 644, 1940) has 
reported the existence of vitamin P deficiency in man 
receiving a liberal supply of vitamin C. Symptoms 
of vitamin P deficiency include iiains in the leg on 
exertion, pain across the shoulders, weakness, lassi- 
tude and fatigue. Capillary resistance is much 
diminished. Spontaneous minute petechial haeinor* 
rhages usually occur, barge haemorrhages under the 
skin, muscle and gums, characteristic of vitamin C 
deficiency are not seen. .Blood incture is normal. 
All the signs and symi)toms are alleviated after the 
administration of vitamin P. 

5. B. 


Oral Anterior Pituitary Extract in Diabetes 

Anterior lobe of the pituitary gland liberates a 
hormone whi»-h causes an increase in the blood sugar 
level. Normally this diabetogenic action of the 


anterior pituitary is checked by insulin. Recently 
Collip {Canad. Med. As.^. Jour., 42, 109, I940 ; A me/. 
Jour. Physiol., 221), 338, 19^0) has claimed to ha\L 
obtained an alcoholic extract of the anterior pituitary 
which has antidiabetogenic properties like that of 
insulin. Lawrence and Young {Lancet, 2, 70, 1910) 
.studied the effect of alcoholic extract of the anterioi 
lobe of the pituitary (Collip) on human diabetic 
patients and on dogs made diabetic by the administra- 
tion of anterior pituitary extract. No change in tlie 
blood sugar level was observed which showed that 
these extracts have no action on carbohydrate meta- 
bolism. Collip suggested that his extract exerts its 
effect by virtue of a ‘pancreotropic actioiP. Mark^ 
and Young {fMnect, 2, 710, 1940) administered 
Collii)*s neutral alcoholic extract of pituitary to rats 
by subcutaneous injection or by mouth. No signi- 
ficant increase in the insulin content of the treated 
rats was observed by them 

S. B. 


Renal Excretion of Inorganic Phosphate 

When phos|>hatc sjilts are administered intra- 
venously they are filtered by the glomerulus of tlu? 
kidney and in their passage through the renal tubules 
all reabsorption of phosphates takes place. Thidei 
standard conditions there is a limiting maximal r.ate 
of reabsorption of phosphate by the tubules and tlu* 
excess is excreted in the urine. Administration of 
vitamin D in dogs kept on a vitamin D-frcc diet 
produces a marked increase in the maximal rate of 
rcabsorption of phosphate by the renal tubules and a 
rise in the phosphate content of the plasma. Reverse 
effect is observed when parathyroid extract is admiiii- 
.stered. (Harrison ct al, J. Clin. Invest., 20, 47 1041^ 

.S. B. 


Mechanism of Diuresis in Heart Failure 

In cases of heart failure there is accunuilaticiu ol 
fluid in the tissues because the kidneys do not fuin - 
tion properly. The circulatory renal system consists 
of the kidneys on the one hand and the tissues whi( h 
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retain fluid on the other, the circulating blood con- 
necting them. Tissue fluid to be excreted as urine 
must be carried by the blood to the kidneys. Diuresis 
may be effected in two ways. Kidneys may secrete 
urine from the blood which will then become con- 
ccnlrated and as a result will draw fluid from the 
tissues or the tissue fluid may enter blocKl which will 
then become diluted and then the kidney will excrete 
the excess water. In the former case the specific 
gravity of the blood will rise and in the latter case 
it will be just the reverse. Stewart {]. Clin. Invest., 
20, I , 1941), observed the specific gravity of the blood 
plasma in instances of diuresis occurring sponlane- 
oiisly without the use of drugs (8 patients), in diuresis 
resulting from digitalis (0 patients) and in diuresis 
following the use of theocalcin (5 patients). In all 
the cases it was observed that diuresis depended on 
changes initiated in the tissues, since it was accom- 
l)aiiied by decrease in .specific gravity of the plasma, 
by dilution of the circulating blood with an 
increase in the bood volume. Dilution of blood pre- 
ceded the onset of diuresis. The specific gravity of 
the plasma must fall from a high level to 1*0255 
lower for the initiation of diuresis. Plasma protein 
deficiency does not participate in the etiology of 
canliac oedema. 

.S. II 


Death of Sir Frederick Grant Banting 

An accident to the plane carrying Sir Frederick 
( I rant Panting to Kngland on a mission of high 
scientific importance resulted in the catastrophic 
<ieatli of this eiiiinent investigator. He was going 
to denionstrate, it is .sjiid, a metliod of nullifying 
the effects of i)oison gas. It is understood 
that his formula was made known to others before 
his departure and hence there are prospects of 
salvaging the work which is reported to be “as great, 
if not spectacular, as his discovery of insulin.*' 

To Panting mankind will remain grateful for 
insulin which is saving the lives of many diabetic 
1‘atients and allowing them to lead a normal life. 
I hie to degeneration of pancreas, the active principle 
of this internally secreting gland becomes unavailable 
and the carbohydrates of the food of the diabetic 
patients are not efficiently metabolised. Tti 1880 
losLarches had shown that removal of the pancreas 
from animals resulted in a disease with almost 
hlentical syinidoms. Banting and Best in 1Q21 
discovered that insulin is jirodiiced in the pancreas 
and later they separated it. Patients were first 
treated with this substance in January, 1922. Now 
is obtained in bulk from the livers of slaiighter- 
hoiise animals and prepared for use. 


Panting was born in i8gi at Ontario, Canada. 
He received his medical education at the University 
of Toronto where he graduated in rgih. After 
serving during the war in Canada, England and 
France (igi5-ig), and further education at London 
he began to practise medicine there. At the time of 
his death he w'as professor of medical research at 
Toronto. While a lecturer in idiarniacology in 
Toronto University he began bis research on the 
internal secretion of i)ancreas. This work on insulin 
secured for him the Nobel prize in medicine in rg23, 
jointly with Dr Best and Prof. J. J. R. Macleod. Tile 
complete work was an example of a large team work 
and the research workers after paleiitiiig the discovery 
lueseiited the ])atent rights to Toronto University. 
The University later gave the British patent to the 
Medical Research Countil of Great Britain. 


Early Bacteriological Research in India 

The important part that India has played in the 
development of the science of bacteriology was re- 
ferred to by Major C. L. Pa.sricha, T.M.S., professor 
of bacteriology and pathology, >School of Troincal 
Medicine, Calcutta in a paper on the history of 
bacteriology and some of the early workers in India 
read lK*forc tlie Royal Asiatic vSocicty of Bengal. Out 
of 330 early workers in bacteriology, the presence of 
epidemic diseases in India and the facilities for large 
scale trials under conlrolled conditions provided 
opportunities for a large team of 17 U) carry on their 
investigations on Indian soil. These were Henry 
Vandyke Carter (British) ; David Douglas Cuuiiiug- 
ham, (British) ; Stewart Raiikeii Douglas [British) ; 
Bernhard Fischer (Gorman), member, Cholera Coni- 
niissiotj to India, 188S ; George Gaffkv (German), 
member, Cholera Commission to India ; Waldemar 
Mordecai Wolff Haffkinc (Ukrainian), cholera and 
plague exi)ert and founder of the Haffkine Inslilute, 
Bombay ; Ernest Haiibury Ilaiikiii (British), chemical 
examiner and bacteriologist. United Provinces and 
Central Pro\’inces ; Felix Hubert dTIcrellc (Cana- 
dian), clioleri and dysentery si>ceialist ; Robert Koch 
(German), head of the German Plague Commission to 
India, r8()6 ; George LamJ) (British) ; William Boog 
Leishman (British); Timothy Ricliards Lewis (British); 
Alessandro Dusting (Italian), anthonty on plague; 
Charles James Martin (British), member. Plague Ad- 
visory Committee ; Richard Pfeiffer (Gorman), mem- 
ber, (fcrman Plague Commission in India ; »Sydney 
Domville Rowland (British), member. Advisory Coni- 
iiiittec for Plague Investigation in India ; and Alinroth 
Edward W’right (British), mem])er, Indian Plague 
Commission. Each one of them has left an indelible 
mark upon the annals of research and discovery in 
relation to infections diseases of both men and 
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animals. Their experiments have contributed largely 
to the establishniciit of the value of vaccines as pro- 
phylactic agents in the controlling of large epidemic 
diseases, ajid subsequent workers are under deej^ debt 
for their largo assembly of data and their development 
of the methods of application of seientific tools in 
solving bacteriological problems. 


Biological Applications of Synthetic Chemistry 

Under the above title, Prof. W. J. Cook of 
Glasgow University, has reviewed some recent appli- 
cations of chemistry to biological problems, which 
have been of outstanding importance. 

Many rare compounds not known in nature 
and yet possessing powerful biological activity have 
arisen from the creative efforts of sytithetic chemists. 
Sulphonamide drugs arc a great boon to mankind 
against various infections and these are the outcome 
of purely chemical investigations. New products 
have also been produced with therapeutic and phar- 
maeological jn-operties resembling and sometimes 
exceeding those of natural plant products. The use 
of procaine is an example of these. This synthetic 
substitute of cocaine has caused a rapid decline in the 


use of the latter as an addiction drug. This has given 
a stimulus to solve the problem of drug addiction. 

With regard to chemotherapy a recent line of 
work is ill connection with tubercular infection. Tlie 
object is to find out an agent capable of penetrating f>i 
breaking down the waxy envelope surrounding tin. 
bacilli of the infection. The cue is taken from tliu 
treatment of leprosy. In case* of leprosy it has been 
found that the leprocoidal activity of the chaiil- 
moogra oil long used in its treatment is due to its 
active component of a cyclopcnteiiyl fatty acid. Tlii:, 
and later synthetic analogues of chaulipoogric acid 
impair the function of the fatty envelope of the 
organism and cause decay of the bacilli. 

The discovery of vitamins, members of the sterol 
class and of hormones has elucidated many physio- 
logical problems. This has been iiossible due to iso- 
lation and identification and synthesis by the chemists 
of some of the vitamins. Though total vSynthesis of 
all the horniotics has not yet been i>ossible, common 
degradation products have been prepared. Deoxy- 
corticosterone, the most active hormone in adrenal 
cortex, wliich has liecii isolated from ox adrenals and 
is now prepared artificially, has been obscrveil to bj 
the vital factor for maintaining sodium chloride 
balance in the blood. It is now used effectively in the 
treatment of wound shock. 


Blood Transfusion 

Feodor Kanoyba 


In 1492 Pope Innocent VI JI, then of an advanced 
age, fell into a condition which made it impossible 
for those in attendance upon him to decid*' whether 
he was alive or dead. All medical treatment proved 
of no avail. Then a doctor, whose name has nof 
been handed down to posterity, appeared and 
declared that he could heal and rejuvenate the old 
man if only he could ol)tain the fresh blood of a 
youth. His proposal was accepted at once and three 
healthy young men came to an untimely end, but 
the new doctor’s treatment did not .save the Pope’s 
life. He died soon after the youths. 

The restoration of life and health through the 
medium of transfusion of blooil has been dreamed 
of for centuries. In ancient Greece myths sprang 
lip around the name of Medea, who could make 
people young and beautiful by transfusing new blood 
into them. Yet all attempts to realize this dream 


ended in disaster. In the Middle Ages many experi- 
ments were made to restore youth to the aged througli 
the blood of infants, but I)oth the young and llic 
old (lied as a result. Sometimes the blood of animals 
was transfused into people, but this too often was a 
failure. 

Yet the idea itself was right. After William 
Harvey discovered in the seventeenth century Ibc 
laws of the circulation of the blood, it sometimes 
happened that doctors obtained very remarkable 
results with bjood-lransfusioiis ; the dying wei^' 
actually restored to life. Oftcner than not, howexer, 
patients paid with their lives for the doctors’ 
experiments. 

It was only at the beginning of the twenticlb 
century that this method of healing was placed on a 
scientific basis. Soon it became a very cffectixe 
treatment and at the present time is applied practically 
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everywhere and saves the lives of thousands of Ihe 
sick and wounded. 

The human body holds from five to six 
litres of blood. If a man loses more than half of this 
(juantity he will die for lack of the oxygen which is 
contained in the red corpuscles (erythrocytes), and 
the nourishing substances in the plasma or fluid part 
of the blood. Failiii'e to replace the loss by trans- 
fusion of another person’s blood is accounted for by 
the fact that the vScniin of some bloods contain sub- 
stances that agglutinate or clump the red corpuscles 
of certain »other bloods. The clotted erythrocytes 
block up blood vessels that “'arc essential to life and 
the patient dies. 

Such was the slate of affairs until three 
scientists - the German Landsteiner, the Czech Janski 
and the American Moss established that there are 
four groups* into which the blood of man may fall, 
and that one of the four kinds of blood cannot in 
all cases replace the other. These groups arc 
commonly represented by the Koman figures I, 11 , 
Iir, IV, and it has Ixieii found that ai)proxiniately 
forty per cent of people belong to the first group ; 
their blood can be transfused to anyone. These 
l)eoplc are known as universal donors. The blood 
of the other three groups can only be transfused in 
definite combinations, according to the laws of com- 
l^atibility discovered by the above-named scientists. 

A quick and exact method of determining the 
groui) to which a person belongs Inis been worked 
out with the aid of standard scrums ; it takes not 
more than five minutes and only a few drops of blood 
from the finger are needed. In consequence, trans- 
fusion has been rendered safe and was brought into 
wide use, especially during the World War of 1914 — 
iQiS, when American doctors saved the lives of 
thousands of soldiers by this method. 

The first successful blood transfusion was made 
in Russia in i<S32 by Dr Wolf, who saved the life of 
a woman almost dying in childbirth. One of the 
pioneers in this field was Professor Khotovitsky, the 
surgeon, who worked out, over eight years ago, a 
method of transfusion, gave a detailed description of 
the process and even invented a special apparatus 
for it. (Xher Ru.ssian surgeons, lUiyalsky, Kolomin 
and Filoniafitsky, also added much that was new to 
the science of blood-transfusion. The discoveries and 
suggestions made by gifted doctors in isolated 
instances wx*re not acted upon, however, in old 
Russia and the method of treatment did not become 
widespread before 1917. 

* See SciKNCK Axn CTrLTURK, 474, 1940-41 for an acconnt 
of these groups in the article “Kloo<l Groups for PTN’crybody : 
The Four Groups.” 


Then Soviet medicine had to begin from the 
very beginning in this fiehl ; the whole of the 
elaborate methodological work on the determining of 
the groups and preparation of llu; standard sera 
for each group was done over again by Drs vShamov 
and Yelaiisky, now profcs.sors in the Leningrad Army 
Medical Academy. They were iei»uating what had 
already 1 x?eii done in the West, but since coinmuiii- 
cation with scientists abroad was temporarily broken 
off there was no help for it. The first transfusion 
was made by Dr Shamov in the summer of 1919. 
vSince then a great deal of work has been tloiie on 
this problem, and the U.S.vS.R. has (jvertaken those 
countries where transfusion is being applied on an 
ever-widening scale. 

In 1926 the Central State Institute of Haema- 
tology and Flood Transfusion was organized in 
Moscow’. There are branch institutes all over the 
country. 'The w’ork has been greatly extended. At 
l>resent there arc special clinics about one thousand 
five hundred altogether in every regional and many 
district centres, and this does not include the 
hospitals, where transfusion is done as a matter of 
course. In 1Q.3Q, 14(^.290 blood transfusions w’ere 
made in the II.S.S.R., which now’ heads the list in 
this respect. 

In other, countries the operation is always 
expensive and only the w’cll -to-do can afford to pay 
for living blood taken from another person. American 
donors l)elong to special unions, the members of 
which live solely upon the sale of their blood and 
are not allowed to take up any employment. In the 
U.vS.S.R. blood transfusion is free to anyone who 
requires it. 

An operation of this kind will save a life in 
cases of serious accidents in the street, factory or 
field, or of severe bleeding in dilliciilt childbirth, or 
haemorrhages of the stomach, kidneys or intestines. 
Blood traiKsfusion is also resorted to in operations 
involving great hiss of blood. Doctors find it useful, 
^iiot only as a means of replacing blood that has been 
lost, but also as a cure in many diseases. Just now 
it is being succc.ssfully applied in cases of exhaustion 
following oil infectious diseases, in chronic anaemia, 
Severe burns, ulcerated stomach, colitis and certain 
eye-diseases. A number of cases exist of suppurating 
ulcers, affections of the joints, and infl.uiiiiiation of 
the lungs, cured with the aid of blool transfusions ; 
the new blood introduced into the sick or w'oniided 
patient not only replaces that which has been lost, 
but stimulates the w-cakeiied constitution. As a 
result, the activity of all the functions is incrcasM 
and new strength for the struggle with disease is 
acquired with the new blood. The albuminous 
particles of the latter produce a complex reciprocal 
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action when they come into contact with the patient’s 
own blood ; the old, worn-out particles in the cells 
coagulate, settle in the form of a sediment, then 
dissolve and arc carried out of the constitution by 
the blood.* The products resulting from the dis- 
integration of the outworn albuiniin)us inirticles of 
the cells stimulate the metabolic processes and all 
the functions. Such is, in essence, the theory by 
which Professor Bogoiholets explains the mechaui.sm 
of the action of transfused blood. 

Kornierlv blood was conveyed directly from 
donor to i)atient by a special syringe and a system 
of lubes connecting the bloml -vessels of the elbows. 
This niothoil is hardly ever used now in the U.S.S.R. 
The operation is carried out in a much simpler and 
more convenient way ; the donor’s blood is collected 
in a jar cxnilainiiig a solution of sfxlium citrate 
to preserve it from coagulating, and kept in a refri- 
gerator until required. Scientific research has dis- 
covered a method of keeping blood taken from donors 
for twenty days and more. The refrigerators where 
the .stocks of blo(xl of all four groups are kei)t work 
day and night. The telephone rings, the dispenser 
on duty takes out a jar of blooil of the required 
group and in a few minutes’ time the ambulance has 
delivered it at the hospital, clinic or maternity home 
where it has been called for to save *1 life. Needless 
to say, thousands of human lives are rescued from 
the clutches of death as a result of this excellently 
organized system of blood transfusion. 

ft is an e.xtreiiiely po[mlar nietluxl of treatment 
in the l^vS.S.l\. and its technique has been so far 
perfected and simplified that it is now possible to 
ai)ply it not only in scientific research institutes, 
clinics and hospitals, Imt also in dispensaries, on rail- 
ways, ill villages and even on board shij), Conscrvetl 
bkxxl is conveyed by aeroiilane, and, should it not 
be i^ossible for the aeroplane to land, the bhxxl is 
sent down by parachute. I'lnis, it has become 
possible for the oi)eration to be performed in remote 
parts of the country where there happens to be no 
clinic or hosi»ital at band. Blood transfusion assumes 
special importance in wartime, v^tatistics. show that 
ap])roximately forty per cent of the wounded that 
die (Ui the field of battle iiiighl be saved by bhxKl 
transfusion. 

Neither lUofe.SvSional nor enforced donation of 
blood is practised in the U.vS.S.R. There are always 
siifHcient voluntary donors in this country desirous 
of giving their blood for those who stand in dire 
need of it, but this never becomes a profession. Some 
piTople have been giving theirs for years. For 
example, a man named Krushinsky, emidoyed on 
the constrnctien of the Moscow underground rail- 
way, has given his blood for transfusion over a 


Inindred times, the total amount being about thirty- 
six litres. Velikanov, a physical-culture instructor, 
has given his blood to 114 patients in the course of 
nine years ; Nizyaeva — a hospital nurse — has saved 
the lives of sick and wounded 76 times with her 
blood. During the fighting on the Finnish from 
alx)iit 60,000 persons applied to Leningrad medical 
institutions, offering their blood for the needs of the 
army. 

The niimlx-T of offers made far exceeded the 
number accepted, of cour.se. It is the rule in the 
U.S.S.R, that the donor must be perfectly healthy, 
so that the operation is effected with the maximum 
of Ixmefit to the recipient and no injury whatever to 
the donor, who is incvioiisly examined by a com- 
mittee of doctors and specialists. From one to two 
glasses of blood arc usually taken, a (luantity that 
is replaced by the blood-making organs of the healthy 
lx)dy in the course of six to eight days. The opera- 
tion in no way affects the donor’s health, he feels 
perfectly well and can work as usual. The next 
portion of blood is taken after a lap.se of six weeks 
and then only if the bhxxl content has been fully 
replaced. 

In addition to the blood of living, healthy donors, 
transfusions are often made from the bhxxl of tlmsc 
who have met with sudden death or died as the 
result of an accident. If the dead person has no open 
wounds on his body and was not suffering from 
syphilis, malaria or a nnmlKT of other specilud 
diseases, the blood drawn during the first six horns 
after decease is biologically perfect and can be used 
for transfusion. So can the placenta- blocxl ejected 
through the umbilical cord after the delivery of a 
child. This blood is rich in haemoglobin and 
hormones and in certain cases h^is a still more beiu> 
licial effect than the ordinary bhxxl of donors. 

Thu Central Institute of Haematology and Bhxxl 
'iVausfusion is working now on a scries of problems 
that promises to extend still further the field open 
to blood transfusion. Experiments are being con- 
ducted in the transfusion v)f small doses of blood o! 
incom|)atible groups and also that of animals, fof 
exaiiqde, goats. The stimulating influence of the 
transfusion in thc.se cases is often mud* more 
marked. 

The problem of dried lilood is one of extra- 
ordinary interest. O. Y. Rosenberg, a young 
scientist, is w'orking on it at present. He has found 
a method of drying it completely and then, by dis- 
solving it, obtaining biologically perfect plasma and 
serum. The dried plasma and serum can be kept for 
years ; consequently, a stock of it can be taken any- 
where and n.secl for transfusions whenever necessary. 
Operations performed on rabbits have proved success- 
ful ; experiments are now fx?ing made on people. 



BOOK REVIEW 


Introduction to Carbohydrate Biochemistry — by 

D. J. Bkee. University Tutorial Press, London. 

IQ 40 . *Pp. vi+ii2. Price p. (ni. 

As Sir F. G. Hopkins says in a foreward to 
tliis little l)ook, “in the domain of life that type of 
molecular structure which we recognise as belonging 
lo carbohydrates plays an outstanding part**. The 
task of throwing light in this “outstanding i)art** has 
doubtless been facilitated during the last one f)r two 
decades by the very remarkable advances that have 
been made in our knowledge concerning the mole- 
cular structure of the carbohydrates, starting with 
the classical researches of Fniil Fischer. The book, 
tlierefore, logically devotes a fair part of th.e l-)ook 
to the structural aspect, without the knowledge of 
which proper understanding of the biochemical 
events concerning those bodies in the living system 
is not possible. 

In the first chapter the fundamental (piestion of 
photosynthesis is dealt with and it is i)ointed out that 
the theory of the intermediate formation of formal- 
dehyde is not yet proved or disproved. In cases 
claiming to have shown the formation of formal- 
deliyde, it seems to have arisen from causes other 
than the fixation of carbon. In the second and third 
chapters the structural chemistry of sugar and poly- 
saccharides are treated. The fourth and fifth 
cha]itcrs are devoted to the subject of alcoholic 
fermentation and muscle glycolysis and associated 
liheiiomena and the sixth chapter deals with the 
enzymatic breakdown and synthesis of carbohydrates. 
The urinic acids, glycosides and nucleotides arc 
treated in the next three chapters and an interesting 
account of micro-organisms in relation lo the carbo- 
liydratcs is given in the la.st chapter. ^I'here are 
references to recent work at the end of each chapter 
'Old a subject index has been appended. 

The striking feature of the l)ook is that the whole 
subject has been sought to Ixj treated in an elementary 
way while at the same time attempts have been made 
to include up-to-date information in luacticalb' all 
'ispects pf carbohydrate biochemistry. This lias the 
uierit that much misinformation which would he pro- 
vided by older literature is automatically excluded, 
but it would .seem that the supidy of basic information 


and the hi.story of the tlevelopment of lliis knowledge 
have to some extent suffered. The teaclier should, 
for instance, siii)plement chapters II and III for im- 
parting greater elucidation. As the author says, the 
lM)ok has l)een written mainly for part 1 of the 
natural scieiues tn])c)S at Cambridge but the book 
will l)e welcomed not only by advanced students but 
also by research workers for much new useful infor- 
mation in varied fields that has been collected and 
presented in an admirable perspective. 

B. c. a. 


Handbook of Common Water and Marsh Plants 

of India and Burma — by K. Biswas and C. C. 

Caedkr. lleallb Bulletin No. 24 (Manager of 

Publication.s, Delhi) 1937. P'rice Rs. 2I12. 

The lK)ok, as it is mentioned in the authors’ 
preface, is intended for the public bealtli officers in 
India in connection with the work of the malario- 
logical survey of India. An attemi)t has therefore 
been made to ineorjMirate as many common water 
and marsh plants of India and Burma as are related 
to the life history of moscpiitoes. The book deals 
in brief with the bionomics of freshwater acjuatic 
vegetation, general features of aipialic vegetation, 
periodicity of water plants, methods of controlling 
the growth of a<iiiatic plants. In additi«)ii to these, 
(le.scriptions of nearly all the common species of 
water and marsh jilaiits have been given and pro- 
fusely illustralcd with pen and ink sketches. Infor- 
*niation on ecology, distribution, economic uses and 
other details has l)een added where re«]uired. Keys 
lo the genera and the si)ccics have also been pro- 
vided to guide field botanists and malariologists to 
identify the plants on llie spot.’ A short glossary of 
botanic terms api)euded to the book inoves useful 
to lliose iiiiac(inainted with the technical botanical 
terms. The total number of species mentioned in 
the book is 213, of which 157 arc Pbanerogams, 2 
Bryophytes, 15 Ferns and their Allies and 39 Algae. 
Algal flora r>k'ys a very important role in the public 
liealtli, sanitation and drainage (luestions of this 
country. Although, it was not possible to deal in 
detail with this very imixirtant and large iiortion of 
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a(iualic and marsh flora, sufficient matters for work- 
ing purpose have been embf)died in the sixteen pages 
from III to 127. Most of the species of Algae 
treated in the Ix)ok, have also been figured. No 
publicatiofl of this tyi)e is known to have appeared 
so far. The lx>ok therefore fulfils a long felt want 
ill the literature on Indian flora particularly the 
atpiatic plants in which major portion of the sub- 
conlineiit of India is abundant. The book will also 
prove to be of much interest to the overseas l 30 tanisls 
as well, as many of the water plants are cosmopolitan 
and are of considerable importance from the stand- 
point of taxonomy, phytogeography, plant anatomy 
and evolution of plants. 

Flora of Assam, Vol. V— By N. L. Bor. Issued 

by the Forest Research Institute (Manager of 

Publications, Delhi). 

Volume V of the Flora of Assam by Dr N. L. 
Bor, Forest Botanist, Dehra Dun, deals with the 
grasses of the province of Assam. 390 species of 
grasses belonging to 147 genera, including two new 
genera have been described covering 4S0 pages. 
The volume is well printed and nicely bound. The 
two new genera are — FnifirosUclla Bor and Narenga 
Bor. Six other genera — l^ulpui, Danthoniopsis, 
Oryzopsis, Jseilcma and Scliima are new records for 
Assiun. The exotic species that have established 
themselves in the province arc as many as 33 belong- 
ing to several genera. 

Assam stands pre-eminently richer both in genera 
and species as compared with the grass flora of other 
provinces of India. The hot and humid hills and 
valleys of Assam appear tf) be the congenial home 
of the Bambuscac. 32 si)ecies of bamboos out of a 
total of 75 species for the whole of India have liecn 
found growing in Assam. Fanircac and Andropo- 
goncac have almost c(|ual number of species. A 
number of the genera of temperate and colder 
climates have been recorded. Recent exploration in 
the Balipara I'ronticr Tract has added several new 
records to Assam and as the author presumes, one* 
can expect many more additions when the Ixndering 
hills i)articularly the higher altitinles become better 
known. Vulpia myuros (L.*) Gnielin (Festuca myuros 
Iv.) is one of the new records for Assam, collected 
from the Balipara I'ronlier Tract I)y Capt. Kingdon 
Ward. This has not been reported till now to the 
east of Garhwal in the North-West Himalaya. Its 
occurrence in a country several hundreds of miles 
to the cast of its original home is indeed one of 
the very interesting examples of disjointed distribu- 
tion. 

The author has rightly adopted the recent 
systems of classification and nomenclature and the 


synonymy given in the lk)ok might prove a little 
puzzling to those unacquainted with the recent 
changes in the nomenclature of grasses. The work 
starts with the Bambuscac, the tribe accepted by all 
agrostologists as the most primitive among grasses 
and ends with the most highly developed group, the 
Maydeae. This arrangement is diametrically oppositi: 
to that of Dalton Hooker in the Flora of British 
India, who started with the Vanicaceae and ended 
with the Bambuscac. Dr Bor has also gone a sup 
further than his giant masters and the other authors 
of Indian (iramineac, in following the splitting up 
of Arundinaria into several smaller groiqis after tlu* 
Japanese author ^lakino. . 

The genera Pantcum and Paspalum of the 
l*aniccac, Andropogon and Rollbocllia of the 
Aiidropogoncac of the Flora of British India have 
also been split up into several smaller groups after 
Otto Stapf. The author has i)rovided keys to the 
tribes, genera and species, which have been drawn 
up with a view to their practical utility on the field. 
The original references to the species followed by 
the most imtiortant synonyms are given in all cases. 
The omission of references to the Flora of Brilish 
India, which latter work would certainly remain the 
standard work of reference for a long time to come 
is regrettable. It is because the anaugemeiit and 
nomenclature of (iramincae in the several Indian 
herbaria is still that of the Flora of British ludhi 
and a.s the names of a great many species of the 
Flora of British India have been changed in recent 
days and have been adopted in this work, omission 
of references to this standard work is likely to pro\e 
a great handicai) to Indian workers. The lu'eseiit 
volume is no exception to it. It is hoped that the 
author may well be pleased to reimn'e the blemishes 
that appear here and there in the key and in the 
corresponding descriptions. Apart from the two new 
genera mentioned already, the author has made the 
following new combinations : 

DanUioniopsis Criffithiana (C. Muell) Bor, 
Narenga porphyrocomn (Hance) Bor, PAagres- 
ticlla Icioptcra (Stapf) Bor, K. bifaria (Wt.) Bor. 
E, brachyphylla (Stapf) Bor, £. Walkcri (Sta]d) 
Bor, F. Colletlii (Stapf) Bor, FI. nardoidcs 
(Trill.) Bor and £. secunda (Nccs) Bor. 

Very little attention has so far been paid in 
India to agrostology — an important branch of botany 
of considerable economic iiniiortance. The classifica- 
tion and nomenclature of grasses has undergone re- 
markable changes and the author by incorporating 
such changes in his local grass flora of Assam has 
laid the basis of similar works on modern lines. 
Dr Bor has thus rendered a great service to the 
l)otanical science in India and rightly earns grateful 
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thanks of Indian system a It is indeed gratifying 
that the publication of the volume on Gramineae 
(Vol. V, 1940) concludes for the present the scries 
oil the Flora of Assam started in 1934 by the late 
Rai Bahadur U. N. Kanjilal of revered memory and 
subsequently followed by his worthy son Mr P. C. 
Kanjilal and Messrs. A. Das and R. N. De. 

• K. B. and V. N. 


Plants of the Lloyd Botanic Garden. Darjeeling 

—by 1 >R K. Biswas, M.A., D.Sc. (Kdin.), 
F.R.S.E., Suiierintendcnt, Royal Botanic 
Garden, Calcutta. (Records of the Botanical 
vSurvey of India, Vol. V, No. 5). Price Rs. 14. 

Visitors to Darjeeling, interested in plant 
growth, will find in an annotated list of plants grown 
or which it is possible to grow in the Lloyd Botanic 
Garden at Darjeeling, just brought out by the 
Botanical Survey of India, a useful guide to help 
them in naming many of the interesting plants of 
th6 locality. The publication is more or less a hand- 
book to the plants in and about Darjeeling. 

Situated in a region, rich in botanical specimens, 
the Lloyd Botanic Garden has nearly r.soo plants 
grown in it. The mnjoritv of these are of indigenous 
origin, but there arc many foreign snecies too of the 
lempe’^aie regions of Janan, North America, 
Australia, China, Mnlaya, Europe, South America, 
Tropical Asia, Central America, Burma and Africa, 
which were introduced in the past, but have since 
got acclimatised and spread beyond the boundary of 
the Garden. 

The history of the Lloyd Botanic Garden, 
I^arjceling, can be traced as far back as 1865 when 
the need for a branch establishment in the Himalayas 
of the Royal Botanic Garden, Calcutta, was realised 
and Dr T. Anderson started such a garden as well 
as the Cinchona Nursery at Rungyroon at a distance 
of six miles from the town of Darjeeling. The then 
Governor of Bengal, Sir Ashley Eden, decided to 
develop the garden near the station of Darjeeling. 
In 1898 Mr William Lloyd made over to Government 
a l^autiful plot of land which was laid out into a 
lx)tanic garden under the guidance of late Sir G. 
K^ing, the then superintendent of the Royal Botanic 
Garden, Calcutta. The garden, together with a local 
herbarium, gradually developed in the hands of 
successive superintendents and curators into a regional 
garden with an upper indigenous section, a lower 
exotic section and a miscellaneous section. A rock 
ixarden, now named the Sir John Anderson Rock 
Garden, near about the centre, was also built for 
growing rare and delicate Alpine Himalayan species 
'^f great beauty and importance. 

8 


A Revision of the Labiatae of the Indian 

Empire — By Dr S. K. MukErjkk. (Records of 

the Botanical Survey of India, Vol. XIV, 

No. I, 1940). 

This book, which has recently been published, has 
brought together into one coin])ass, all our scattered 
knowledge of the family in India and Burma, that 
had been accumulating since an account of it was first 
published by Sir J. D. Hooker, in Volume IV of the 
Flora of British fndia in 18185. Such a knowledge 
of Indian plants, and in particular of the Indian 
Labiatae, lx)tli known as well as unkmnvn is to be 
found only in a number of publications and in the 
collections stored in the several herbaria in India and 
abroad, especially Great Britain. The revision of 
the I'lora of British India is indeed a long fell need. 
Dr Mukcr’ce*s work, which is based on a personal 
examination of the collections of the family in the 
herbaria of Sibpur (India), Kew (London) and 
Edinburgh (vScotland) is very opportune and a wel- 
come contribution to the study of the systematic 
botany of India and Burma. 

This work appears to have been executed with 
much care and pain and consists of an introduction, 
bibliography, descriptions of the family, genera and 
species, keys to the tribes, genera and soccics under 
each genus, with an index at the end. In the intro- 
duction the author has discussed in general the dis- 
tribution of the genera and the species in India and 
Burma and the relationship such distribution bears 
to the labiates in countries bordering on India on 
the landward side and countries elsewhere in the 
world. 

The Labiatae, being mainly a family of tempe- 
rate climate, has its largest distribution on the Hinia- 
lavas and on the summits of the higher hills in 
other parts of India and Burma. It is poorly repre- 
sented on the plains. The author has described 425 
species belonging to 60 genera as against 286 species 
belonging to 56 genera described in the Flora of 
British India, There has thus been an increase of 
nearly 50 per cent in the total number species during 
the last 56 years. Nearly 50*3 per cent of the species 
is estimated to be endemic in India and it is interest- 
ing to know that the largest number of endemic 
species occur in the peninsular India, south of the 
Vindhyas. It is also stated that of the 208 species 
that arc reported to occur on the Himalayas, more 
than half has been found to be confined to the north 
west, 51 to the east and 51 to both east and west. 
It is inferrable from this peculiar predominance of 
the Labiatae in the north west that the Labiatae 
finds a more congenial home in the bleaky north 
west than in the humid N. E. Himalayas. Genera 
of great economic importance like Perilla, Mentha, 
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Thumus, Origanum, Melissa, etc., appear to be con- 
fined to the Himalayan region. 

The keys to the tril>es, genera and the species 
appear to have lx‘en drawn up briefly, but carefully 
with the View of practical utility to the field botanist 
in mind. The copious reference to literature relating 
to genera, below each genus is indeed a hai>py depar- 
ture from the usual type of such floristic works in 
the past. Such refereftces are not generally given 
even in a number of similar revisions that have 
api)eare(l recently. The author has also included all 
the important references for the .species, especially 
the rndiaii publications, which is indeed a great help 
to the future worker. 

The following new species which the author 
published in the Notes of the K.oyal Botanic Carden, 
b'dinburgh, recently, has Ixen included : 

Acrocefyhalus palniensis, A. verhanaefolius 
Watt ex Mukerjee, Dysophylla kliasiensis, Gom- 
phoslcmma T.arei, Plilomis burmanica, Phlomis 
Yonnghushandii, Salvia Lacei, Teucrium hurma- 
nicum and T. shanicum. 

lie has also described a new species here, namely 
Tciicrium Anandalei. Nosema grandiflora (Doan) 
Mukerjee is a new combination proposed by the 
author. 

Nosema Praiii, Ceralanihus Mueller ex Taylor, 
/alariii Boiss. Satureia L., Ziziphora D., Chamaes^ 
phacos vSehrenk. MoUucella Bth. I.ngochilus Bunge, 
Microiocna Prain, Paralamium Dunn, Paraphlomis 
Prain, Ruhilcucris Kudo and f Airy sol cn Prain are 
additional genera not mentioned in the Flora of 
Prilish India. But their representative .species occur 
only on the frontiers of India, the first eight hailing 
from the north-west and the second five from the 
north-east. 

The nomenclature of the genera and the species 
has been thoroughly revised and brought U])-to-date. 
In this connection, the author appears to have taken 
the fullest advantage of the opportunities and facili- 
ties he had during his stay in Great Britain, where 
he prepared this work. The author has carried out 
this work to the best of his ability and has thereby 
rendered a great service to the advancement of the 
knowledge of sy.stcmatic botany of India. 

• K. B. and V. N. 


Anthropological Papers. New Scries, No. 5. 

Published by the University of Calcutta, ig.^S. 

Pp. 112, plates, 12, 

It is a collection of seven short articles written 
by six authors. In the '‘Anthropological Notes on 
some Assam Castes*' Dr B. N. Dutt gives a compara- 
tive authropc /metric study of nineteen different castes 
of Assam. The number of subjects varies from 18 


to I in the different castes — seven having one each 
and four, two each. The total number of persons 
dealt with is 95. The author concludes that the 
group is not homogeneous and “that there are 
common elements present in all the groups'*. IK 
further adds that these people are not ethnically 
isolated from the rest of Northern India. Dr Dutt’s 
conclusions are rather based ^ on scanty data as lu! 
himself acknowledges. We are afraid that tlx 
biometricians will not feel happy to see their methods 
applied or rather misapplied consciously in this 
manner. 

Mr J. C. Ghosh in his “Hindu Aflthropology” 
tries to prove from ancient records that the “Hinchis 
had their Anthropometry and Ethnology from a very 
early period*’, lliis is more patriotic than scientific. 
Mr S. Sircar ascribes the origin of totem concept 
to primordial man's realisation of inferiority to 
animals and plants in meeting biological needs anrl 
conse(|uent adoption of one or other of these groups 
for protection against hunger and other unforeseen 
dangers. One of the obvious objections to it is the 
sporadic occurrence of tolemism instead of its 
universiil distribution which is expected from such a 
theory. Plants and animals grow vigorously in places 
where man is found and even where they do iu)l 
occur but why not totemisni in all such regions. In 
“Juristic Ethnology of the Meitheis and the Nagas” 
Mr S. Singh tries to show the relation between the 
socio-political constitution of the Meitheis and their 
legal doctrines and compares the whole with Ilk* 
same phenomena among the Xagas. Mr S. K. Bost 
describes a large number of stone Ixads of 
different sizes and shapes found at Sabour in his 
“vSabourean Beads and Bangles”. Mr D. Sen 
carries us to the palaeolithic times in his account 
of 33 stone imp^^ments collected by Mr K. K. I^en 
Gupta from the Upper vSiwaliks near Simli. 
According to him the implements exhibit mousterian 
character and some of them “have a techiiiciue vi iy 
strikingly similar to the technique found in the lithic 
iiuhislry recently obtained in vSjari-Osso-Gol and 
Choei-Tong-Keou in China”. The volume is 
brought to an end by a .short but very neat accr)nnt 
of the Nulias of Puri by Mr D. Sen. The anthro- 
pometric analysis of the people l>ased on 150 indi- 
viduals, .shows them to be a long-headed, fine-nosed, 
medium to short statured group with plentiful black, 
wavy hair and brownish dark skin. The Nulias live 
in small villages along the sea coast and depend (Ui 
fishing in the sea for their livelihood. The author 
describes their marriage system, divorce, castc- 
organisation, and religion. 

The plates are on the whole good and the papers 
cover a wide field of investigation. The articles arc 
interesting and record useful information. 

r, c. D. 
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A Source of Berberine Salts from ‘^Rasot** 
Roots (Berber is Aristata) 

During the investigation of an unidentified 
alkaloid which is present in very small amounts in 
“Rasof* roots, we have followed a method by which 
it is possible tp isolate berberine in the form of its 
salts without any difficulty. 

Coarsely powdered *‘l<asot*’ roots were repeatedly 
extracted with boiling 2 per cent, hydrochloric acid 
solution and the combined acid extract concentrated 
oil the water- bath. The resinous impurities preci- 
pitating out were filtered off and the filtrate diluted 
to twice its volume with 5 per cent, solution of sodium 
cliloride. The whole was then heated at 6o° — 70^ 
for 10 minutes and filtered to remove any resinous 
material that separated out. 

The filtrate, on keeping overnight in a cool 
l-ilace, deposited crystals of berberine hydrochloride ; 
a further crop of crystals was obtained 011 addition 
of a small amount of solid sodium chloride to the 
muther-liquor. The yield was found to be 2*33 per 
i^eiit. on the weight of roots extracted. 

For making berberine sulphate, extraction was 
iloiie with 0*5 per cent, sulphuric acid and the acid 
decoction concentrated to a syrupy mass ; which was 
liltered after diluting to twice its volume with 5 
per cent, solution of sodium sulidiate. The filtrate 
'\as concentrated to its original volume and after 
liltration allowed to stand for 12 hours in a cool 
place, when berberine sulphate crystallised out as 
slender yellow needles. A further crop of crystals 
was obtained on addition of solid sodium sulphate, 
the mother-liquor. Yield 3 per cent. 

Basification of mother-liquors, after removal of 
iK'rberine salts, with ammonia and subsequent extrac- 
tion with ether furnished a small amount of an 
^dkaloid, the ■ oxalate of which crystallised from 


50:50 mixture of alcohol and acetone in groups of 
colourless needles m.p. 222° — 224° (decoinp.). 

Further work on this alkaloid is in progress. 

J. N. Ray 
B. S. Roy 

University Chemical l.aboratories, Lahore, 
and 

Office of D. G., I.M.vS., 

New Delhi, 4-3- 19 n. 


Vanadium, Chromium and Molybdenum in 
Indian Coals 

Indian coal ashes have been analysed by various 
workers and the percentage of common constituents 
such as SiOj, AI2O3, FegOj, TiOo, PjOft, SO3, CaO, 
MgO, KgO, Na^O have been noted. ^ So far as we 
know, no work has been done on their rare constitu- 
ents. Ill this laboratory ashes of some Indian coal 
from Jharia field. Salt Range etc. have been analysed 
and they have all been found to contain small quan- 
tities of vanadium, chromiuin and molybdenum. 
I'he vanadium content was estimated colorimetrically 
as phosphotungstovanadic acid by the method of 
JL B. SandelP and the order of the quantity present 
(as V2O5) was about 11 x lo"* per cent, of the coal ash 
or n X 10"^ per cent, of coal. The chromiuin was 
estimated colorimetrically by the diphenyl carba/ide 
method of Ca/.eneuve and the quantity pre.sent was 
found of the same order as that of vanadium. 
Molybdenum was also found to occur in coal ashes 
but in much smaller quantities. The order of the 
quantity present was alxiut n x 10"* per cent, of coal 
ash or nxio"* per cent, of coal. Spcctrographic 
analysis of the ashes arc in progress. Details of the 
analysis will be published elsewhere. 
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1 express iny thanks to Dr P. B. vSarkar for his 
helpful guidance. 

• Jyotirinoy Das Gupta 

Department of Chemi.stry, 

University College of Science, 

Calcutta, 7-3-19/ji. 

' Diitta Roy, Proc. Nat. Inst. Sc. hid., 6, 539, 1941. 

* Ind. Ensi;. Chcni., Annual ICditiou, Vol. 8, p. 336, 1936. 


Resolution of Cobaltic Trisbiguanide Complex 

into Its Optically Active Enantiomerides 

In connection with our work^ on cobaltic trisbi- 
guanidine and its salts, which liave been found to be 
inner-metallic comt>lc.ves of the second order of a 
special type and to contain three symmetrical bifunc- 
tional bignaiiidc radicles co-ordinated with the 
central cobalt atom in an unsymmetrical manner — 
giving rise to a structure with no plane or centre of 
symmetry like trisethyleiicdiamine cobaltic salts, we 
have observed an anomaly while experimenting on the 
resolution of cobaltic trisbiguanidiniiim chloride into 
its optically active enantiomorphous isomeridcs. 

The resolution of the complex chloride, 
LCo(C2NjjH 7+)3 JCI3, was effected by combining it 
with either d-tartaric or d-camphorsulphonic acid. 
The diastereoisonieridcs, chloro-d-tartrate, d-tartrate 
and d-camphorsulphon;ite of the laevo-and dextro- 
cobaltic trisbiguanide base, have been prepared in 
the pure state, the 1-salt in all cases being less soluble. 
But a solution of the chloro-d-tartrate of the racenioid 
complex base deposited crystals of only the Uievo- 
gyrate on fractional crystallization in the cold, till 
the entire solution was dried up. An observation, 
possibly for the first time in the case of complex 
inorganic salts, is thus made of what may be regarded 
as an ''asymmetric transformation of the second 
order*" as described by Kuhn“. Further evidence 6'n 
the point is furnished by the study of tlic "addition 
curve**, according to Jamison and Turner’, obtained 
by the gradual addition* of the racemoid base to a 
solution of d-tartafic acid. The mother liquor, after 
the separation of the first crop of laevogyrate from 
a solution of the chloro-d-tartrate of the racemoid 
complex, was found, however, to be slightly dextro- 
rotatory. From this, pure dextrogyrate was obtained 
by repeated fractional precipitation with alcohol. A 
change in the external condition by changing the 
nature of the solvent rendered possible the isolation 
of the pure d-salt. A freshly prepared dilute solu- 
tion of the chloro-d-tartrate of the racemoid complex 
is slightly dextro-rotatory, (»% sol.), 


and this dextro-rotation was found to increase 
gradually with time to a constant maximum value. 
The same rotation value was also arrived at, starting 
from a solution of the chloro-d-tartrate of the laevo- 
rotary as well as of the dextro-rotary complex. Thus 
approaching from three different directions the satuc 
rotation value [a] d }■ 14° was obtained, using m 
one per cent, solution in all* cases. All these faet^ 
clearly indicate that in a solution of the chloro-d- 
tartrate of the racenioid complex there is an equili- 
brium between the two mutually inter-convertible 
dextro- and the laevo-salt with the former in slight 
excess, and that the rate of their interconversiou is 
rather .slow : — 

1-complex d-acid^=^d-complcx d-acid. 

Calculated from the equilibrium rotation value, 
the initial rotation of the partial racemate and the 
rotation value of the pure d salt, [tt],/® =+340°, the 
equilibrium composition corresponds to 51*2% d-salt 
and 48 8% 1-salt in solution, from which the eiiiiili- 
brium constant K4o = 1*049. The laevo-salt, being 
much less soluble in water, separates out, however, 
from a saturated solution of the chloro-d-tartrate of 
the racemoid base before the kinetic eiiuilibrium can 
be established ; the solution, thereff)re, deposits only 
the laevo-salt on gradual crystallization, though tlk 
dcxtro-salt is the more stable of the two. There is 
thus a continuous transformation from the dextio- 
to the less soluble laevo-variety in this solution: 
Solution (dextro) ^-^Solution (laevo) — ^solid (laevo). 

A .solution of the d-tartrate of the racemoid com- 
plex, in spite of its being characterised by asymmetric 
transformation, can, however, be normally fraction- 
ated giving the pure laevo- and dextro-gyrates as the 
least and the most soluble fractions respectively, due 
to favourable solubility and stability relationships. 

From the pure laevo- and the dextro-salt of the 
chloro-d-tartrate of the complex base, pure laevo- and 
dextro-modifications of the cobaltic trisbiguanidiiiinm 
sulphate, chloride and nitrate liave been prepared. 
The molecular rotations of these latter are quite high, 
much higher than those of the corresponding tris- 
ethylenediamine salts, as might be expected from 
their constitution with a lower order of synimclry, 
suggested by R§y and Saha*. 

The complete paper with experimental details 
will be published elsewhere. 

N. K. Dult 

Inorganic Chemistry Laboratory, P. RSy 

University College of Science, 

Calcutta, 7-3- 1941. 

»Ray and Dutt, Jour. Ind. Chem. Soc., 16, 62, 1939. 

■ Kuhn, Ber, 65, 49, 1932. 

•Jamison and Turner, Jour. Chem. Soc., 1646, 1938. 

• Ray and Saha, Jour. Ind. Chem. Soc., 14, 670, 1937. 
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Cleaning of Copper, Bronze and Brass 
Specimens in Museum 

Copper specimens generally contain a certain 
proportion of one or more of the following 
metals, viz., silver, lead, arsenic etc. The latter in- 
creases the natural power of copper to withstand 
corrosion. Burial in, soil containing salts and lime- 
stone exposes the metal to corrosion. Action of 
inoivSture and of air and carlx)nic acid always play 
an active part in determining the nature of corrosion 
of the metal. 

When a copper or bronze specimen is so much 
corroded that no free metal remains, there is no 
necessity for washing it under hot water. For clean- 
ing copper, bronze and brass specimens and removing 
the incrustations deposited on them, a solution of 
ammonium chloride (NH4CI), stannous chloride 
(vSnCla) and dilute hydrochloric acid (IICI) has ten 
used with much success in the Asutosh Museum 
Laboratory, Calcutta University. The proportion of 
the solution used is : - 

10 gms. of NH4CI and 10 gnis. of SnCL in 30 
c.c. of dilute HCl. 

A large number of copper, bronze and brass 
specimens were treated by the writer. Kach speci- 
men was carefully brushed under hot water for 
several limes. Then it was left on a paper-made 
tray for two days in a cool dry place for drying. 
At the end of this period the solution given above 
was applied. Good results were obtained in all cases. 
The specimens are now under observation for the 
last seven months, from July, 1940 to h'ebrtiary 1941, 
and have not shown any further sign of corrosion. 

A i)articular coi)j)er specimen was partially 
treated in the above method and later on 
rubbed with the leaves of Oxalis corniculata^ 
occasionally at an interval of 2 or 3 days. This has 
also given good result. It has also withstood 
corrosion for the last seven months. 

Ashutosh Museum Laboratory, 

Calcutta University, Minendra Nath Basil 

Calcutta, 26-2-1941* 


Effect of the Cabinet Material on the Performance 
of a Radio Receiver 

It is well known that the performance of a 
receiver is affected to a great extent by the cabinet 
material. Unfortunately, however, no data are 

* A kind of acid plant known in Bengali as A in ml (Davi<l 
Prain^hengal Ptenfs— Vol. I, p. 294). 


available to give the effect of cabinet material and 
shape on the reproduction. In order to determine 
the probability of the influence of the cabinet, a 
statistical study was made of the different types of 
wood and bakelite cabinets of the same size and shape 
on the performance of a standard radio receiver. The 
data obtained were then utilised to derive information 
about the effect of these materials on the performance. 

The present note contains the results of the study 
of the above relations. The audio side of a standard 
Marconi Communication type RS 5 F was fed by the 
Beat h'requency Oscillator giving audio note from 
o to 12 kilocycles of different strengths. This receiver 
was selected because of its resistance-capacity 
coupling in the L/F stage and thus the frequency 
response was uniform. Sound effects were picked up 
by a ribbon microphone assembly which fed through 
low impedance lines to an amplifier. This amplifier 
was also of the resistance-capacity coupling to improve 
the freciuency response. The output of this amplifier 
was connected to an oscillograph as well as to a 
vacuum tube voltmeter. 

Various types of wood, such as sandal- wood, oak, 
pine, shisham, Burma teak, deodar, were experi- 
menictl upon. It has been found from continuously 
fifty tests on each type of wood that wooden cabinets 
improve the apparent signal to noise ratio as higher 
frequencies are absorbed more than the lower ones. 
This effect is more pronounced if the wood is of the 
plywood type than if it is of ordinary timber. 

The bakelite cabinets do not absorb higher 
freciuencics and thus the note in these is generally 
shriller. These results show that from the cost, shape 
and performance point of view, wooden cabinets, 
specially plywood ones, are better than the bakelite 
type. 

R. D. Joshi. 

Sir Cusrow Wadia Institute 
of Electrical Technology, 

Poona, 26-2-1941. 


Bi-variate Correlation Surfaces 

The problem of generating bi-variate correlation 
surfaces f (x, y) has been of long standing. W. F. 
Kibble^ has in a recent paper discussed the case 
when X, the marginal distribution of x, follows 
Pearson’s Type III law, while Y, the marginal distri- 
bution of y, follows the normal or the Type III 
law. In this paper I have developed corresponding 
cases for the whole of Pearsonian system of univariate 
frerjuency curves, as well as for certain Basse! 
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function populations. Various combinations of these 
forms have also been considered. The regression 
curves,' homosccdasticity, and the approximating 
forms of these surfaces are under consideration. Some 
of the results are mentioned below : 

(i) X and Y both follow the Type I law : — 

U*.!)- (*y)^ <(' -*)(' 

F, {p + q + 2, p + q + 2 : p + i q + itp-xy. 

pVi-x)(i-y)> 


(7) X and Y both follow Student’s law: — 


f(x.y) - Const, {(i +x*) (i +y’)> 



4 p *xV 

U + x*J (* + y‘) 


x.F, jV.P.£+l’; Q-i 
(2 2 2 


p*l(i +x*) (i+y*))~ ' 


I. 


(2) X follows Type I law, Y follows Type III 
law : — 

/ y \ (i-xi‘i 

Kx,)-Const. + q + * 

X.F.jp + q+2:p+,; 


(3) X and Y both follow Type VI law: — 

f{x,y) - Const. (xy)P {(1 +*) (t +y)r ~ ^ 

( o*xv 

xF.{p + q + 4 , p+q + 2, p+i.q+t; 

. - p! } 

(>+Uu +y)) 


(4) X follows Type III lavy, Y follows Type VI 
law : ' - 


f(x.y) - Const. 




(.-p.+y)P + ^ + ^ 

,,^p+„ + 2 ;p+,: r. 


(8) X and Y lx)th follow D*-law (classical) 

f(x,y) -Const, exp j - | 

I,„ (»lV'y ) • I,„ (7^ s/iy)- 

(9) X and Y both follow McKay’s law: — 

til 

f(x,y) =« Const, exp | - | , (xy) ^ 

It will be found that where both X and Y follow 
the same law, the parameters involved are the same. 
The general case of different parameters for X and V 
is under investigation. 


Statistical i/aboratory, 

Presidency College, M. P. Shrivastava 

Calcutta, 3-3-1941. 


(5) X follows the normal law, Y Student’s 
law : — 



(6) X follows Type III law, Y Student’s law : 


n .-3 


f(x j) « Const._ 


I « + ('-p’)y‘ 



n- I 


2 


r=y I +(i 


)■ 


* W. F. Kibble, Sankhya, Vol. 5, part 2, IvMl. 


Proton — ^Proton Scattering and Yukawa Particle 

In a recent paper* I have developed the wave- 
statistical theory of Proton-Proton Scattering takiuii 

the interaction potential in the form Ae The 
agreement of the theory with the experiment of 
Tuve, Heydenbiirg and Hafstad* was fairly good. 

I have iiou' derived a rigorous formula of the 
Scattering using Yukawa interaction potential, viz.. 


r 

for the short range force between the protons. ^ I 
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for the departure (D) of the intensity of Scattering 
from the value given by Mott-formula — 

ccsec* 9 cos* k%'+sec* 9 cos* k'V' - cosec* 9 see* 9 

cos kV cos k^V^- 2 I (pifi - . cosec* 9 

cos k'ro' + (g,f, sec* 9 cos k''r,/' | 

« * 

D- 

cosec^ 9 -f sec^ 0 - cosoc* 0 sec* 9 


where 

“ “hT” ■ k'* “ li* ‘ 

fi=*cosk'iV + sin k'l’o' , 

f,-cosk%“ +p sin k'V" 

.sin<?,k'' - cos 9 

h • li 

and the critical approaches and r,/' without and 
with exchange are given by the eipiations 

r' -27X (cosec (/+!) + 27 fsin^- sin* 6 ^) g, 

Mv* 

/'-I 27 X J*, (sci:6^+») + 2 7(cos6^-cos*%, . 


Aiiart from the fact that there is almost exact 
ajL-reenient of the above formula with second and 
more reliable experiment of Tuve and others®, it is 
possible to calculate definitely the values of A and < 
in Yukawa potential. Thus for incident velocities 
H67 K.V., 776 K.V., and 670 K.V. used in the aWe 


experiment, T find approximately 


- = 6 and 


I 


^V5XIO"^®. The details of these calculations will 
ai)pear elsewhere shortly. It may, however, l>c 
noted that the proposed formula is highly sensitive 

to small changes in the value of 


It is evident that A^ has the dimension of ordi- 
i-ary charge. Consequently ± 6e is the charge of the 
Yukawa particles inside the protons, giving rise to 
the short range force. According to Heitler* this 
cliarge as calculated from the mass defect of dcuteron 

lies between 50 and 7e, while ^ ~ 3 x 10”*^. Thus 

ihe present method of calculating the Yukawa charge 
more reliable and accurate. The method may be 
tixtended to find the Yukawa charge in more complex 


particles. Investigation in this direction is still in 
progress. 

Finally I may remark that as the force between 
neutron-proton and proton-proton is attractive, the 
sign of the charges must be opposite in these cases. 
This strongly suggests that the charges are tempo- 
rarily developed through polarisation, during the 
process of scattering, specially when the particles 
are at small distances apart. For if these short range 
±6e charges permanently existed within the protons 
or neutrons, it would have Ix^en certainly possible tf) 
observe cases of short range repulsion lictween 
neutron-proton or proton-proton. 

Physical Laboratory 

Presidency College, K. C. Kar. 

Calcutta, 7-3-1Q41. 

' Phil. Mag., 29, 200, 1940. 

■ Phy. Rev., 50, 806, 1936. 

• Phy. Rev., 56, 1078, 1939. 

^ Report in Progress of Physics, Vol. 5 , 1937. 


Specific Heat of some Indian Oils 

Already a number of physical properties of 
Indian oils have Ixieii studied by Hliatlacharyya^ from 
the point of view of viscosity and dielectric constant. 

This year some of the results about electric ])ro- 
perties (D.C. conductivity of Indian Vegetable Oils) 
have been published by C. S. Ghosh and vS. Chakra- 
varly.* I have studied the specific heat of a number 
of Indian oils by using tlie method of cooling. The 
results are given below. 

'pari.p: I 



Oil 



Spi-:cikic 

lIliAl 

1. 

Cocoaiiut 



... 0-6198 

Calori 

2. 

Linseed 



... 06099 

19 

3. 

Olive ... 



... 0 6027 

»9 

4. 

Poppy ... 


• 

... 05819 


5. 

Sesame... 



... 06676 


6. 

Neem ... 



... 06043 


7. 

Sarson... 



... 0*7244 

t 9 

8. 

Andi ... 



... 0 7082 

»9 

9. 

Duan ... 



... 0*6436 

t • 

10. 

Laha ... 



... 0*5896 

ft 

11. 

Maulsiri 



... 06814 

9 1 

12. 

Dhannia 



... 06575 




618 


SCIRKCE AND Cm,TURE 


Vol. Vi, No. 10 


TABLE n. 

Specific Gravity Data. 



Oil. ' 

Lewkowitsch. 

Int. Crit. Tables. 

Jamieson. 

G. K. Bhattacharyya. 

Author. 


■\ 

Sp. Gr. 

TOC 

Sp. Gr. 

TOC 

Sp. Gr. 

TOC 

vSp. Gr. 

TOC 

Sp. Gr. 

TOc 

1. 

Cocoanut ... 

0-9100 

87 8 

09260 

150 

0 9150 

30*0 

0 9149 

37*8 

0-9089 

835 

2. 

Linseed 

0 9B42 

15 0 

0 9300 

15 0 

09270 

20 0 

0*9287 

2k2 

09U97 

163 

3. 

Olive 

0 9155 

155 

0 9150 

15 0 

09150 

2.V0 

09126 

22*2 

09122 

165 

4. 

Poppy 

0-92.S5 

15*5 



09240 

15-0 

0 9301 

22 2 

0 9142 

163 

5. 

Sesame 

0 9170 

200 

0 9190 

250 

0 9200 

15 0 

0 9197 

22*2 

0*sl96 

168 

6 . 

Neein 



0 925 

150 



09151 

810 

0*9254 

15*1 

7. 

Sarson 


... 

... 

... 


... 

... 


0*91(58 

0*9502 

15*5 

8. 

Andi 



! 

! ... 





16*5 

9. 

Duaii 







i 


09194 

152 

10. 

Laha 








... 

0*9181 

167 

11. 

Maulsiri ... 









0*9175 

16 0 

12. 

Dhannia 



i 




1 


0*9122 

16*5 

1 


T.\BLK TIT. 

Refractive Index Data. 




Lewkowitsch. 

Int. Crit. Tables. 

Jamieson. 

G.N. Bhattacliaryva. 

Author. 


Oil. 












Rfr. Ind. 

T^C 

Rfr. Ind. 

TOC 

Rfr. Ind. 

TOC 

Rfr. Ind. 

TOC 

Rfr. Ind. j 1 


Cocoanut ... 

1 4410 

600 

1*4530 

250 

1 4560 

25-0 

1 4540 

284 

! 

1-4555 ' 

2. 

Linseed 

1 4800 

200 

1 4807 

250 

1 4786 

25*0 

1 4790 

28*0 

1 4781 

8. 

Olive 

1 4698 

ISO 

1 4667 

25 0 

1 4680 

25 0 

1 4672 

27 8 

1 4689 

4. 

Poppy 

1 4751 

20*0 

1 4742 

25 0 

1 4751 

20 0 

1*4742 

28 6 

1 4700 

5. 

Sesame 

1 4728 

200 

1*4704 

25 0 

1-4698 

25 0 

1*471.8 

278 

1 47(0 

6. 

Neem 


... 

1*4607 

40*0 

1-4621 

400 

1*4650 

880 

1 4681 

7. 

Sarson 




1 

... 1 





14718 

8. 

Andi 




... 1 


... 

i 


1 4750 

9. 

Dunn 




... 1 


... 


! 

1 4720 

10. 

Laha 




... 


... 



1 4728 

11. 

Maulsiri ... 



... 

... 

... 


1 

1 ... 

1*4700 

12. 

Dhannia ... 





i 


! 

i 


1 4700 


To obtain comparable results wilb other investi- 
gators it was thought of interest to secure data for 
the specific gravity and refractive indices of the oils 
used in the present investigation. These data refer 
to the room temperature. The refractive indices were 
determined with an Abbe direct reading refracto- 
meter. The instrument was standardised with Methy-' 
lium Salicylititm and Zimtol. The densities were 

ascertained with a delicate hydrostatic balance. 

• 

Table II contains the data on densities and 
table III those on refractive indices. For comparison, 


available data of other investigators have also been 
included. 

Ohulam Farid 

Physical T/aboratories, 

Aligarh Muslim University, 

Aligarh, 13-2-41. 

' (i. N. Blialtacharvva, hul. four. Phy., 10^ 209, 281, 
403, 1935. 

* C. S. Ghosh and S. Chakravarty, Proceedings of tkf* 
28th Indian Science Congress, Part III, page 33, 1941. 
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Fuel Economy Policy in India and Abroad 


Wc arc reverting to tlio (iiicslion of fuel resources 
as we believe the problem has not yet received 
tile attention it deserves from the public. People 
have come to realise the deplorable dependence on 
imports for our living ami the (piestion of starting 
the essential or key industries has been the popular 
.subject of discussion. The op])ortnnities created by 
the present war for the growth of industries and the 
nourishment they rcipiiro at the initial stages have 
apparently been discussed in the iiress and on the 
pintforin. The efforts of the rioveriiiiient to utilise.’ 
the occasion are however choked up in the mists 
of conflicting interests and for a planned policy of 
c.vploiting the available resources, except in so far 
as they concern supfdy of materials for the firosc- 
ciition of war, the support, if any, has been rather 
lukewarm. But private enterprises are coming into 
the field and they are struggling under more than 
one handicap. While much has been studied with 
regard to the different commercial and manufacturing 
aspects concerning the particular industries, the 
problem of fuel economy, which is the general 
concern of almost all industries, has not unfortunately 
merited the serious consideration of the industrialists 
of the country. 

F'uels play a fundamental role in the industrial 
activity of a country not only as a source of heat, 
hut also- as one of the jirincipal sources of power. 
As industrial prosperity is an essential factor in a 
r.alion*s political status, the imiiortance of efficient 
tonsumplion ' of f^cl res<gjijces needs no special 


emphasis. With the e.xception of wood and power 
alcohol, however, the fuel resources, namely, oil and 
coal, are irreplaceable in character. A ton of coal 
or petroleum consumed today means a permanent 
reduction of that amount from the country’s total 
reserves. Fuels naturally reiiuire more attention than 
minerals as a Ion of metal even after use may 
remain in the form of scrap to the extent of at least 
half the quantity. There is thus a method open for 
increasing the life of metallic reserves by launching 
a policy for increased use of scrap. But no such 
measure can be adojitcd for conserving natural fuels. 

In addition to being a source of heat and power, 
coal is one of the indispensable materials required in 
the smelting of iron ores. It also provides raw mate- 
rials in the manufacture of numerous dyes, synthetic 
perfumes, drugs, antiseptics, plastics, manures, 
wilvcnts and a host of other valuable products. Being 
therefore one of the principal sources of power and 
indispensable to the metallurgical and several other 
industries, coal is of paramount importance in the 
defence of a country. 

Nature has not been equally generous to all 
the countries in the matter of fuel resources. The 
United vStates of America alone possesses more than 
50 per cent, of the total natural fuel reserves of the 
world. Moreover, she possesses fuels of all kinds. 
Germany and Great Britain are very poor in oil 
resources but possess abundant resources of coal. 
Sweden and Switzerland have practically no resources 
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of natural fuds. For some of the metallurgical 
l>roccsses they have to depend on other countries 
and for power supply they have developed water 
I)Ower. 

With regard to iicjuid fuels, however, the posi- 
tion at jnesent is distressing for the whole world. 
In com])arison with the distrihulion of coalfields, oil- 
fields are localised in a few countries only. More- 
over, in spite of very active and efficient pros- 
pecting, oil fields in the world capable of satisfying 
world reiiuircinenls appear to be very limited, 
and the present known reserves at the present rate 
of consumption are not expected to last for more 
than 6 o years. It is evident, therefore, that taking 
the world as a whole the problem of litiuid fuels 
is more acute than that of coal and in spite of the 
increasingly efficient methods of utilisation, we are 
l)onnd to feel its effects probably even in our own 
life time. The trend of future efforts will have to 
be in the direction of discovering substitutes for 
liipiid fuels. Such efforts are already in progress.'^' 

The realisation of the fundamental role of fuels 
in the i.)rosperity of a nation coupled with their irre- 
placeable character implying early exhaustion of 
reserves has induced all the advanced countries to 
adopt a policy of the strictest fuel economy and con- 
servation in some form or the other. A common 
problem faces all the countries, howsoever well- 
provided at present, as to the w'ays and means of 
effecting the l^est and fullest utilisation of the natural 
fuels. The problem affects the different nations so 
deeply that international confereiicest of scientists, 
engineers and politicians on questions related to fuel 
and power resources have lx?cn called more than once. 
These meetings have proved very u.seful as they helj)ed 
efficiently in formulating policies for the participating 
countries in the light of the experience gained by 
all of them. 

India has very limited reserves of coal whicli, 
form the i)rincipal source of i^ower to her, in vic\v 

* Germany realized the igravity of the liquid fuel 
problem much earlier tjuin other nations, and set up nearly 
thirty years ago, a Kaiser Wilhelm Institut fiir Kolil- 
forschung. As a result of the researches carried out at this 
Institute, modern methods of conversion of c<ial into liquid 
fuel have been developed, such as the Bergius metho(l and 
the Fisclicr-Tropsch process. It is now well known that but 
for these researches, Germany could have never solved her 
liquid fuel problem. 

t -The first Worhl Power Conference was held in London 
in 1P24. .After this two more have been held; the second at 
Berlin in 19.10 and the third at Washington in 1936. The 
fourth World Power Conference was to be held in 1940 at 
lokyi), but owing to the abnormal international situation 
as a result of the war, it had to be postt)oned. 


of the scanty resources of liquid fuels, specially after 
the .separation of Burma. Even at the present rate 
of consumi)tioii (wdiich is bound to increase with the 
expaiksion of the industrial activity of the country), 
the present reserves of good quality coal will not 
last for more thaii hundred years and those of 
coking coal for not more than sixty years. With 
the early exhaustion of cokinl^ coal, the manufac- 
ture of iron and steel which is an important and 
iTidisj>ciisable key industry, w'ill be seriously affected. 
A new process using reducing gases and dispensing 
with the use of coking coal is said to have lK*en dis- 
covered, but it is at present costlier in operation, 
1111(1 thus countries having no reserves of good 
coking coal are at a very great disiidvantage so far 
as smelling of iron and steel is concerned. We 
are afraid that India too, in spite of her possession 
of very rich reserves of iron, may find herself in the 
.same predicament as vSwedeii, which has to export 
all its iron ores to countries ixisscssing coking coal 
and then purchase iron from outside. 

At present most of the coal seams that are living 
worked up in this country contain coal of suiieiior 
(piality and occur in great thickness at shallow 
dejiths. With increasing consumptioii, the mining 
operations will have to be carried out at greater 
depths, the seams will lie iiarrow’er, the mining 
operations more difficult and will cost more, and 
further the quality of coal will be inferior. The day 
is not far off, wdien due to the combined effect of 
all these factors the price of coal, even of the inferior 
quality, will be appreciably high. A situation will 
thus arise when industries depending on coal will 
lx? in .serious jeopardy. Before such a cri.sis appears 
more efficient methods to provide for the fiilme 
reejuire to lx* adopted. These may involve extra 
expenses which wall be reflected in the price paid 
by the consumer. But this extra cost could, in our 
oinnion, be so graded as not to disturb tlie market. 
It is i>ossiblc to adjust the higher price movement 
with market conditions. Higher prices will provide 
the incentive to improved (as contrary to wa,stcful) 
and new methods of utilisation. This will partially 
contrilmte to neutralise the effects of the high price. 
Sir Ardeshir Dalai in his presidential address at the 
last Benares session of the Indian Science Congres.s 
indicated briefly the means by which the varying 
qualities of coal can be put to different purposes so 
as to ensure efficient use of the coal resources of 
the country. Besides the co-ordinated sequence of 
working the coal seams, on the consumption side 
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he has suggested a chemical and physical survey of 
our coal seams in conjunction with coal utilisiition 
research under the auspices of a Fuel Research Board. 

The guiding principle in the conservation of 
non-replaceable resources of natural fuels is efficient 
exploitation. There should lie efficient production 
and wise consumptir^i which means that we are to 
encounter primarily two parties in the field— 
the producer and the consumer. From the stand- 
point of the producer, efficient exploitation of 
natural fuels may mean their working or extraction 
by any method, howsoever wasteful to the nation. 
The producer’s objective is to secure a reasonable 
margin of profit. The consumer, on the other hand, 
would want that fuel of uniform quality should be 
suplied to him, at the lowest p()ssible price. It is 
evident therefore that in an uncontrolled market the 
producer in order to be sure of his immediate profit, 
and at the .same time to satisfy his customer’s 
demands, will be tempted to adopt practices which 
may be wasteful to the nation as a wliole. It is 
here that the Stale as the custodian of the nation’s 
welfare has to intervene and i)revent the individual 
l)roducer or consumer from wa.sting an irreplaceable 
national commodity. 

In a previous issue* we have discussed at suffi- 
cient length the i)OvSition of the Indian coal industry. 
Af)art from the wanton waste of coal reserves in 
our country during i)roduction, the superior iiualities 
like the coking coals are being indiscriminately con- 
sumed for i)urposes other than metallurgical. 
The question of conservation of coal has been 
empha.sised ever since iqig not only by individuals 
l)iit by representative coniinittees and government 
authorities. The bureaucracy has been fully aware 
of the state of affairs prevailing in the industry 
which is evident from the remarks (quoted in the 
article referred to alx)ve) of such a high official as 
vSir James Sifton, late Governor of Bihar, which is 
the major coal producing province of the country. 
But the Government have been singularly indifferent 
towards this growing national emergency, the chief 
I)lca being the inability to interfere Nvith the rights 
of the permanently settled zemindars of Bihar and 
Bengal, who are the principal owners of ^thc coal 
property. Rut it may be pertinent to enquire what 
steps have been taken to prevent the same wasteful 
practices in the Central Provinces coalfields where 
the landlord problem does not exist as the mineral 

• SciKNCR AND ClTI,TURE, 6, 63, 1940-41, 


rights are invested in the Goverunient. The profes- 
sion of sympathy for the rights of landlords there- 
fore appears to be mere eyewash ; the real cause of 
indifference is to Ik* sought elsewhere. ^ When one 
takes into consideration the anxiety felt by other 
countries possessing far vaster reserves in comparison 
with ours, and the steps they are adopting h>r proi)er 
exidoitatioii and utilisation, the inactivity and 
the indifference of the Government to this funda- 
mental problem appear to be really distressing. 

In this connection the following lines from the 
reports of the Third World Power Conference will 
be worth consideration for a correct approach to the 
problem. 

“Although the rt“<oiiri'es of tlu* rihtiil States, to all 
intents ami purposes would seem to he almost unlimiletl, 
nevertheless there is no jnstilicalioii for wanton waste in 
the utilization of such resources and efforts should therefore 
he directed towards increasing the enicieiicy of the use 
rather than arbitrarily restricting Ihcin.”' 


“Though the coal reserves of t'lennany are very great, 
tliex must he handled carefully as a national wealth so that 
all <|uantilies that an* at all acctssihl** may he utilised.’” 


“The conservation of natural resources is recognised as 
a vital prohletn in all civilised I'niiniries, tlunigh the methods 
of dealing willi the problem differ in diffi rent places. ’*■* 

In India the coal industry has been developed 
in an uncontrolled atmosphere and there has been 
notorious lack of co-operation amongst the colliery 
owners themselves. Whenever a proposal has been 
made for Government control, the principal coal 
organisations and colliery owners have vehemently 
oi>posed it as is evident from the following remarks :* 

“1 fail to see how, from any point of view we can 
possildv agree to a movement which will cause positive 
hardship to llmse it is intended to protect, which will 
increase the expenses of eoal-getting by fully ftO per cent, 
and will, in similar proportym, add to tlie difticulties of all 
tlie industries in the Umpire.” “We feel tliat an attack upon 
llie coal imlustry of lletigal nicaiis an attack on every other 
industry of Beiig.il in which coal is used, and such being 
the case it is not to he wondered at that we arc prepared 
to resist, with all our strength, any blow aimed at the 
Bengal coal industry.” 

• Third World Peace Conference, 6, 495. 1936. ' 

*Ibid.. 9. 288, 19.36. 

• Ibid., 9, 379, 1936. 

• Quoted from the Annual Dinner Speech, Min. Met. and 
Geol. Inst. India, 1931. 
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The chairman of the Bengal Coal Co., at the 
annual general meeting of 1036 pointed out that 
India's coal resources did not warrant any consi- 
deration of schemes of conservation and said that no 
shortage of coal is to be feared for over 100 years. 

“It appe.'irs to me that llu> public as a whole do not 
suflicicnlly appreciate the importance of the principle 
inv'olved in this fpicstion of conservation. It resolves itself 
into this. Arc yon, and all other shareholders of coal 
companies, quietly and ]jcacehilly t<i enjoy your properties 
as laid down in xour leases with your landlords, or are 
you only to enjoy thein subject to what (iovernnient <lccide 
you may or may not d<j in the presumed interest of 
posterity a hundred years hence ? 'I’o me there can only lie 
one answer ('.overinnent have no cause in this matter to 
trespass upon vonr rights, and I hope that upon reflection 
you and the puhlic, as a whole, will agree with me.** 

Before the Coal Alining Coiniiiittce of 1937, two 
witnesses who were mining engineers but were pre- 
.siimably under the iiilltieiice of the colliery owners 
remarked as follow\s : 

“1 do not think that the Slate. Ctin prevent a private 
individual from working his coal as he pleases without 
giving compensation even though the result of such working 
may Ijc to increase dangers from fire. 1 think that the 
miiie-ovviier should be allow e<l to jmlgc for bimself whether 
lie should lake the risk or not.” 

“The owner of a colliery is the best judge of what is 
commercially valuable ami his abilitji to wxjrk and sell at a 
profit any particular coal should he the criterion of its 
value at any time.’* 

It is apparent that the colliery owners have l)een 
chiefly concerned with the question of profit. In the 
absence of control either by the landlords or the 
Government the safety of property, whose rights 
were unfortunately invested in the former, has Ijeeu 
nobody's concern. The Jiostile attitude of the 
colliery owmers was clearly demonstrated by the 
refusal of representative organisations (Indian Mining 
Federation and Indian Mining Association) to tender 
evidence before the CotU Mining Committee of i 937 >, 
even on the latter's repeated requests. 

The complications are such that the only body 
that can effectively control the industry and stop 
these wasteful practices is the State. The National 
Planning Committee has aiipropriatcly recommended 
that the State should acquire the mineral rights, 
thus eliminating the private landlords. This proce- 
dure is not revolutionary since in many countries the 
mineral rights are vested in the State and even in 
the United Kingdom, the strongest citadel of pluto- 
cratic demc/<..racy, a bill to that effect was recently 
passed by Parliament. 


The policies adopted by the different countries 
have been indicated in the reports of the Third World 
Power Conference. 

“Ill (Jeriiiaiiy iialioiial policy aims lo avoid the defi- 
ciencies both of a planned economy and of laisscz fairc. 
The basic concept is that “operating’* must he left in 
business (the term business eovering municipal and other 
pnh^'i eiiteriirises), hut that the SUtte must have means of 
influencing priv.itc initiative in the interest of the mitiou. 
Tile Energ\ Economy .\il of 11)35 is based also on the 
coiieepl that eleetricity and gas are especially important to 
the Slate, that IkiUi are nionopolislic, that absolute reliahilii . 
is vital and that therefore there must he tirni flireetion aiiil 
co-ordination in the interest of llie nation. (General direction 
is in an ‘autonomous Inxly of utilities within the newlv 
created organi/ation f»f iialitmal ecimomy’; hut, iiotwitli- 
standing Ilexihility <>f laws, the (lovernmeiit is given a 
strong Ixjily of administralive powers in the Reieh Ministi-r 
of h'couomy.*** 

In Hungary the industry is also controlled by 
tlie Slate. 

“Besides being pniUeletl by eouipetilion and Ijn 
tlieir represeiilalive bodies, tlie interests of consiiTiiers are 
also prutei'leil by tlie ('lovernnienl. 'riie Ministry for In- 
dustrial .\ffairs and the I’rice Analysing Committee watch 
even the .slightest ])rice flucluatitm and keep the. iiriee^ 
stahili/ed by means of the regulator (»f iir.pori restrict ions. 
The production of the coal mines is regulated by deiii.inil. 

( )ver-pr(Hhiction eaiinot result for the produels of Iluiigariim 
collieries, with the exception of Bias coals, whi<‘h canii<»l lu‘ 
storetl for long periods.’’’' 

With regard to the I'liited vStales the following 
lines arc significant. 

“The. (iovernnient has also been aelivi- in relation tn 
the development of power. The Federal Power Commission, 
formed in 11)20 to control water jiower, has also been givea 
broad powers for the regulation of other jdiases of the ])iil)lic 
utilities.*’ “ 

In the principal coal producing countries, some 
form of control is thus being exercised and in those 
winch are still following laisscz fairc policy, the 
necessity of vStalc control is being realised. There is 
no reason therefore why India should make further 
delay in adopting effective measures to prevent wastes 
of her very limited fuel resources, when there is a 
gradual depletion of the reserves and her consump- 
tion is increasing. 

In <his connection it is interesting to note the 
following remarks taken from the General Reports 
of the Third World Power Conference. 

^ Ibid., 9, 497, 1936. 

* Ibid., 9, 291, 1936. 

• Ibid., 9, 382, 1936. 
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Fuki, Economy Policy in India and Abroad 


“One of llie most sinking features of llic reports sub- 
Miiltctl to this conference is the clear-cut evidence that 
iiiirestricteil competition as we knew it early in this century 
has been generally abandoned as far as the coal industry 
is concerned. Nearly all countries apparently have found 
that an unregulated system of jirodnction brought results 
lliat were .socially undesirable. Consoquently, in all parts 
(.f the world public control over the pro<luctioti and 
distribution of coal has lA-n lightening.^ 

Further, 

“Our business systems may be capitalist or socialist or 
.1 combination of the two. Our governments may be 
democratic or absolutist. Hut under all forms we must 
organize our activities to meet the demands of natural law. 
Towards that end the civilizi'd nations, each in its own way, 
[lie now struggling.” " 

“In all civilized countries the care of man’s working 
power has always been rec.ognizeil as part of the. State’s 
responsibility. The technicjil and economic development 
of our age has pnwided man with mechanical energy as a 
most \aliiable ally. It, therefore, stands to rca.son that the 
way in which the supjdy of energN ami all questions per- 
l.'iiiiing thereto are organizeij is of pjiraniount importance as 
ji factor determining the etViciency of national economy.” ” 

The iireccding ol)s<.n*valioiis suiqiort otir o'Jiten- 
tioii as expressed earlier that the problem of fuel 
resources comes within the purview of the field of 
politics, because, its solution implies a certain degree 
of interv^eiUion Iw the public authorities. It can no 
longer be a (lueslion of purely liberal economics, but 
of a liberal economy tempered by vState control, or 

' Ibki, 9, 279, 1926. 

’ /hid., 9 , 384, 1936. 

” Ibiii., 9. 497, 1936. 


l3ettcr of economy completely controlled and directed 
by the State. We believe the situation has been 
laid adequately bare and the subject being of primary 
importance should come in the forefront -of public 
thought and engage the serious attention of the 
people. 

In conclusion, it vt^ill be aiipropriate to say 
that to stiuander irreplaceable resources is ctiuivalent 
to squandering- capital which is something like 
a trust to us a trust which does not accinnnlate any 
interest, but goes on continuously diminishing. 
There should be effective checks to prevent waste 
and misuse*. At the same time, the aim should not 
be to restrict their use, but to utilise them econo- 
mically and devise means for their conservation. 

Tlierc is now much talk of industrialisation in 
India. It is also admitted that power and coiise- 
<iuently fuel supply is sine i]ua non of industrial 
development. When therefore there will be orga- 
nised industrialisation, with her present laisscz faire 
fuel policy India will soon find herself crippled with 
regard to i)ower resources and umler the force of 
circumstances she will again fall an easy victim to 
f)lher industrialised nations. 'I'lie State owes a res- 
ponsibility in this matter. It is expected that at this 
present juncture, the Ciovernment after their long and 
continued inactivity will early adopt a new fuel policy 
in the wider interests of the nation as a whole. The 
other countries possessing vast resources in com- 
parison to ours are taking elTeclive measures in this 
direction and further delay will only result in 
disastrous consequences to the nation. 
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a geoftrapliical entity, the whole of North 
India — the Tndus-OaiigLS plains tract as well 
as the lofty chain of the Himalayas that surround 
it — is a region of extraordinary interest in the frame- 
work of Asia. This interest arises from the magni- 
tude and intensity of the disturbances the earth’s 
crust has Ix'en subjected to in these parts, involving 
the creation of the world’s largest nunin tain -system 
and the simultaneous sinking down of an equally 
large tract at its foot into a great hollow or trough. 
This interest is greatly increased when geological 
facts tell us of the extreme recentness of these world- 
tiansforining events to our own times. What was 
before a sea separating Kurope from Asia and Africa, 
was turned into the loftiest chain of mountains. From 
evidence available from the structure and rock- 
records of this part of the Himalayas there is clear 
procjf that some of the ranges of the Kashmir Hima- 
layas, c.g., the Pir Panjal range, have Ixen unheaved 
from 5,000 to 8,000 feet, since the advent of man on 
earth, and that the (Ireat Plains of the Punjab, U. P., 
Ilihar and Bengjil represent a filled up hollow or 
trough at the foot of the Himalayas by river-borne 
silt and sand to a depth of several thousand feet. 
The estimate of the depth of this alluvium vary from 
about 6,000 — i5,oot) feet. These colossal changes in 
the geography of India, according to ii refutable geo- 
logical evidence, happened at a date, which compar- 
ing the geological history of the earth with human 
history, may lx called yester-year. Mountains, an 
interesting paradox of geology teaches, arc the crum- 
blings and corrugations of the weak and flexible 
zones of the earth’s circumference. A visual demon- 
stration of this fact is afforded by the magnificent 
sections of the rocky crust exposed to view in the 
precipices of the Himalayas facing Tilxt, to the 
north of the central snow-clad axis of the range, 
wherein over 30,000 feet of marine sedimentary strata 
arc seen deposited layer on layer, belonging to suc- 


cessive periods of earth-history, from the coniniciicc- 
nient of the Palaeozoic era, the dawn of the earth’s 
hi.story to the beginning of the earth’s Tertiary era, 
the age when the earth Ixgan to be |)eopled with 
animals and plants of modern aspect. That this vast 
pile of .strata was laid down on the floor of an ancient 
mediterranean ocean, now extinct, is Ixrne out by 
the succession of fossilised marine creatures belongiii.v* 
to the various ages that are entombed in it. 'riiese 
fossils consisting of the skeletal remains of all the 
groups of sea animals living at the time have been 
obtained from various levels marking different 
ti)0chs of time and have been ideiitiHed, and tlieir 
biological relations worked out by a number of noted 
specialists since 1870. 

A Ci^oGR/vriiiCAiv Antithesis 

To this area, of extreme geological youth and 
immaturity, Ceylon offers a most striking geographi- 
cal antithesis — as striking as any two contiguous 
areas of earth’s surface can possibly offer. Their 
differences are fundamental. Ceylon rei)resents a 
tyi)e of the earth’s crust composed of extremely 
ancient crystalline and inetamorphic rocks, which 
are the foundations on which the geological frame- 
work of other parts of the earth is built. For untold 
ages of time, it has remained an inflexible land-iTia.ss, 
a segment of a continental shield that has, since the 
Cambrian, the beginning of the Palaeozoic era, not 
been submerged underneath the sea nor subjected to 
earth’s movements of the mountain-building type. 
All these characters it shares with the Deccan penin- 
sula of India-— a crust block revealing a fundamentally 
different type of earth architecture from that shown 
by the North Indian highlands, which are built of 
much younger sedimentary rocks that have been re- 
peatedly submerged under and elevated from the fif>or 
of the ocean. Ceylon is a lately detached fragment 
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of this South Indian peninsula, possessing "a common 
jicological structure, composition, a plan of architec- 
ture, a fact which modern geological investigations 
tend more and more to emphasise. This feature of 
extreme antiquity of its rock- formation, Ceylon 
shares with a few other areas of the earth also, viz. : 
Canada ; parts of SilxTia and ^fongolia and Central 
Africa-areas that have Stood upon a firm and incom- 
pres-sible base, and have remained impassive for ages. 
Amidst all the revolutions of geography that have 
again and again changed the face of the world by 
redistributioil of seas and lands, these areas have 
remained more or less impassive and inert, being 
only subject to one kind of vertical up and down 
movement. In the decay and renovation of moun- 
tains and plateaus these lands have had their shar j 
only through the [lassive role of generally sinking 
blocks with occasional upwarps of smaller consti- 
tuent units. 


l)isTiN(nTisiHN(; Charactkristics ok Anciknt 
Land Ark as 

vSeveral strongly niarke<l features characterise 
these crust-bl<K'ks of which Ceylon, with the main- 
land of the Deccan, is a type, and which must be 
considered as important features in their geographical 
evolution. In the making of Ceylon, these have 
played a fundamental role, and we might roughly 
examine them : — 

(r) The most prominent of these is the absence 
from the rnaiiilaiid of stratified dejmsits belonging to 
large sections of the geological record ; except from 
the coastal margin — all those marine stratified for- 
mations, representative of the different geological 
systems from the Palaeozoic to the Cainozoic, which 
make up the geological history of a land-area are 
absent. The geological record of these land-masses 
is thus very meagre and confined to the very earliest 
l)criods of earth^s history. The Archaean and Pre- 
Cambrian systems, with their granite masses pushed 
np from the interior of the earth, build the funda- 
mental complex of rocks, which monotonously 
occupy hundreds and thousands of square miles of 
surface extent. Representatives of any of the 
younger rock-formations, when present, are wholly 
of the continental type of deposits, laid down by the 
agency of rivers in lake basins, or in faulted sunken 
troughs. The best example of the land-derived forma- 
tions is the great Gondwana system of India, Africa 
and Australia — a vast pile of river and lake sediments 


l)rescrved in chains of faulted basins, carrying the 
important coal deposits of these countries. Fossil life- 
record preserved in these systems is not so full and 
illustrative as in the corresponding marine systems 
and is confined to only the land vegetation and 
animals. On the whole, the geological record pre- 
served in these land-areas of the globe is extremely 
fragmentary and imperfect. 

(^) The second chief characteristic of land-areas 
of the Ceylon type is the enormous waste they have 
been subjected to ; there is in them universal evidence 
of wide-spread and deep erosion in which all the 
geographical features of the country are worn down 
i'lid more or less levelled to their roots, leaving ihcrely 
the stumps of mountain chains and plateaus supi)orted 
on more or less level plains (peiiciilains). Several 
miles depth of rocks are thus stripped off the original 
land .surface. \ notable feature of these lands is that 
the mountains that are seen in them are not true 
mountains of uplift, i.c., those with a definite axis of 
elevation corresponding with the line of exteiitioii of 
the range, but the so-called incmntains are merely 
relicts, nndenuded i)ortions, of the old ]>lateaus that 
have escaped the weathering of ages that have cut 
away the surrounding parts of the land leaving some 
blocks of harder ground. These peneplains are 
subject to only one kind of earth-movement vertical, 
up-and-down sliding of the crust, whereby they are 
capable of block uplift or dowuwarp. This lensional, 
as opposed to compre.ssional, mountain-building, 
movement renews again and again the cycle of erosion 
of the peneplancd lands by the rejuvenating of their 
rivers and .streams by the disorganisation of the pre- 
vious hydrography and disturbing of the relative 
levels. Water-falls llius are a feature of such areas. 

(3) A third characteristic of the ancient lands 
is the presence of certain types of minerals and rocks 
with their associated economic products, and by the 
absence or rarity of others. Crystalline ores of the 
heavy metals, rare-earth minerals, dense minerals 
with a compact molecular^ packing, c.g., garnet and 
corundum, sillimanitc, ilmenite, radio-active com- 
pounds of thorium and uranium, and a host of crys- 
tallised traiLsparcnt minerals (gems and precious 
stones) are relatively more abundantly distributcil in 
the ancient crystalline rocks constituting these land- 
masses of the Ceylon type. On the other hand, 
deposits .such as petroleum, natural gas, coal measures 
(except in local fault-basins of Gondwana type), lime- 
stones, shales, conglomerates, rock-salt, gypsum, etc., 
arc rare, if not absent altogether. 
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(4) Tlicsc land masses having cxperi^ced no 
recent folding (or coinpressioiial) niovements possess 
geological structures of great stability which are in 
])erfect equilibrium with their surroundings and are 
thus not subject to earthquakes of any intensity. The 
prominent seismic zone, the belt of the most destruc- 
tive earthquakes of hivStory traverses the earth along 
the recc^itly conqu'essed and upheaved belts of the 
world, such as the Alpine-Caucasian-IIimalayan- 
Malay arc of mountains. 

II 

Tiik Gkoc.rauiiicai. Mvoi.ution of CKYU)N 

The geological history of Ceylon may l)e sum- 
marised in a sentence as the history of the very first 
chapter, ratlier fully recorded, and a fragmentary 
record of the last chapter of the geological history 
of the earth. The rest of the chapters forming the 
bulk of that history are a total blank, except for a 
few obliterated lines belonging to a page or two 
relating the events of an enthrallingly interesting 
j/eriod during the Mesozoic. These few lines arc the 
much mutilated remains of the pages relating to 
events of the time when Ceylon formed part of the 
large Indo-African-AuslraJian continent of the 
southern hemisphere, when the Himalayas were yet 
ill the iiiakiiig and lying under the waters of the 
mediterranean ocean. For untold ages, even the 
.skeletal outlines of India, with which till almost 
geologically recent times Ceylon was united, cannot 
be discerned. The first positive indication we obtain 
is that al)out the close of the Palaeozoic era, the 
three great peninsulas of the southern world were 
unit^ in one continuous land-mass known in geo- 
logy as Gondwanaland and that its climate was like 
that of the Antarctic circle to day, supporting 
gigantic snow-fields and glaciers in Africa, India anfl 
Australia. Its northern shores were bordered by a 
great ocean almost encircling the world, which is 
known in geology as Trthys, and of which the pre- 
.sent Mediterranean -Sea is the last surviving shrunken 
remnant. It was in the Tethys that the materials 
which form the present Himalayas, the Caucasus and 
the Alps, were laid down. 

Ckylon : A Part of titk Gonowana Continent 

The s’ory of the Gondwanaland is one of the 
epics of geological history. The probable extent and 


the boundaries of this vast Southern Continent, its 
main dtdnage basins, the vicissitudes of its climate, 
the life that peopled its forests and rivers and thu 
succession of its floras and faunas, the generations 
of forest growth, which survive in the highly pro- 
ductive coal-measures of today, all these are well- 
recorded in the rock-beds of the Gondwana vSysteiii. 
After the Arctic cold of the glacial epoch, the dim ate 
became warm enough to supix)rt luxuriant vegeta- 
tion, a.s is testified by the presence of coal seams, 
ill the strata directly overlying the glacier lx)ulder- 
beds in the Damnda series of India, the Murree series 
of Australia and the Karoo series of South Africa. 
The climatic pendulum then seems to have oscillated 
back to a cold climate, followed again by a warm 
epoch, ill which desertic or semi-dcsertic conditions 
iwcvailed. It was during the latter part of the 
Gondwana pori(Kl (Jurassic) that Ceylon received in 
a few narrow basins the river sediments from Central 
Goiidwanalands. Of these, one solitary liny ])atcli 
of Upper Gondwana rocks found near Tabbowa, s.s 
miles west-south -west of Annradhapura, is the sole 
memorial Ceylon pos.sesses of its once having formed 
part of the Ixidy of the Great Gondwana Conlineiil. 
Unfortunately this outeroj), which was .small to bi.-.i.;iii 
with, has been further conslricled by a series of step 
faults which has cut it up and thrown it down into 
the crystalline arclnieans as a mnch-sriueezed ami 
faulted .strip of alKUit two miles width, some S miles 
east of Puttalani. The deformation of the Tabljown 
scries is a memorable event of high significance. It 
gives the date of much the most important event mi 
the geological hi.slory of Ceylon — the final uiiwai]) of 
the Central Ceylon massif and fixes it as definilely 
po.st-Jurassic. 


Hrkakini', ui* 01-' THE Gondwana Continent 

The dismemberment of the Gondwana Continent 
is believed to have taken place at the end of the 
i\rc.soznic era of earth-history or at the beginning of 
Cainozoic or Tertiary era. There has been consi- 
derable amount of controversy among geologists as 
to the modus operandi of this event. According to 
one view, the Continent was severed into its llnve 
principal units Africa, India and Australia fey tl^ 
fountlering of two of the fault-blocks to form tlic 
present Arabian Sea and the Bay of Bengal. 
view, which has a considerable body of geological 
and biological evidence to .support it, was^the I'rc-, 
vailing and generally accepted view till Wegeiier 
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l,romulgated his ttoiitineiital drift tReory. This hypo- 
thesis postulates that the vast original agglomeration 
of the continents of thc'WQild' (the t^cLngca)^ into one 
unit, during the late Palaeozoic and early Mesozoic, 
split up gradually into a number of units which 
anally separated from one another by slowly drifting 
away across the intervening semi-plastic sub-crust 
from the centre. This hypothesis also claims a 
number of adherents. 


of volcaaic activity, in the Deccan which has given 
rise to a lava-built plateau composed of horizontally 
bedded lava-floors, four to five thousand feet in 
height, and over lo times the surface extent of 
Ce3don, and (2) the commencement of llie scries of 
upheavals which ciilniinated in the elevation of the 
Himalayas, a chain of elevations 1,500 miles in 
length and 150 to 250 miles in breadth, with a mean 
altitude of 20,000 feet in the central axial range. 



Fig. T. 

The sketch illustrates in a fieneralised way the different types of crust-blocks of the earth — (I) Rigid shields 
of aitcicnl laiid-uiasses with (2) their sunken bells and (3J the flexible sone eoinposcd of folded nionntain- 
chains which have been uplifted from ihe oceans in Tertiary limes. The Gondwana Continent, once * 
continuous land-mass, noiv dismembered and the severed parts arc lurw separated by the ocean. 


The severing of the Gondw^ana Continent at the 
of the Mesozoic was coeval with two other great 
geographical revolutions, lx)th of which, however, 
^avc l^Ft no mark on Ceylon : (i) A gigantic outburst 


It was in the middle of the Cainozoic era that the 
outline of India was for the first time defined and It 
acquired its present configuration. Ceylon w'as still 
now an integral part of the Deccan peninsula, aud 
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its history durinj* the loiij? vista of geological time 
is the history of the Meccan. It is only since the 
Pliocene epoch tliat Ceylon lK*catne a separate geogra- 
phical entity and began to inirsne its own course of 
evolution.* A wide and deep arm of the Miocene sea, 
much wider and deei)er than the Palk vStrait of 
to day, flooded the tnainland between Madras and 
Putlalain, severing the south-east extremity of the 
I)eninsula and converting it into a continental island. 
This submarine depression is recorded in the thick 
limestone deposits of the Jaffna series and in the 
Karikal and Warkali beds of South India. But this 
scverence did not last long and ever since the close 
of the Miocene, there has been a persistent but slow 
upward movement of the sea-bottom, whereby 
hundreds of feet of limestone and related strata, 
formed on the floor of that sea, are to day exposed 
siil)-aerially between Jaffna and Puttalani. The 
shallowing of tlie sea is most marked ])etween the 
north-west coast of Ceylon and a NNE — SSVV line 
connecting Pondicheriy and Cai)e Comorin. Here 
the sea is barely 15 fathoms deep, wdiereas it deepens 
raindly to t,ooo 2,000 fathoms on the sea coast off 
Matara and Trincomalee. 

T^xcept for minor oscillations of the level of the 
sea and land, few* geographical changes of any note 
have occurred in Ceylon since the Miocene. 


Waste oe Ckyi.on’s HKiiiUNos 

P'rom the foregoing account, it must be apparent 
that in the making of Ceylon, the geological processes 
that have been most operative through a vast section 
of geological time are not the building processes but 
the destructi\'e agencies of nature. The tale of waste 
of the land-mass is writ large in the geology of 
Ceylon. vSince the commencement of the Palaeozoic, 
but few or no rock-de[)osits have been formed and 
added to the primitive ground complex of Archaean* 
age, but a ceaseless process of sub-aerial decay and 
erosion through the atmospheric agencies has taken 
place, which has on a conservative estimate, removed 
from the original surface of the country over 10,000 
feet depth of rock. The beautiful terraced structure 


of the island in three vvell-marted tiers, or terraces, 
superposed on a wide subiTiarine plain, so clearly 
visible from Haputale-Haldummulla road, is the 
central fact in the physiography of Ceylon. It shows 
how the island has been a positive element of tlu 
earth’s crust and has received a persistent ui)lift from 
the ocean-lx'd pari passu with the lowering of it> 
surface by denudation. This, uplift has not been a 
continuous one but has taken place in intcrmitteiu 
stages, and this periodic uplift has been instrumental 
in arresting the erosive forces from complete planatioti 
of the country down to the base level., The three 
peneplains are fronted by steep escarpments, hundreds 
if not thousands of feet high. There arc unfortu- 
nately not many stratigraphic marks to date these 
various movements, Init the last and lowx*st plane 
was pre.sumably w’ell-advaiiced tow^ards gradation 
during the Jurassic period to receive on its flood-plain 
.'iurface the detritus of a Gondw'ana river, scarcely 
8 miles from the future Miocene sea-coast of 
Puttalam. 

The erosion of the land-masses of Ceylon, how- 
ever, is not unattended by economic consequences nf 
direct benefit to Ceylon. The disintegration of 
10,000 feet of the Archaean crystalline nuussif referred 
to above has liberated in a concentrated form ecoiH)- 
mically valuable minerals and comi)ounds which 
were before locked up in an extremely disseminated 
state in a vast bulk of barren rock. Thus are to he 
accounted for the Ratnaimra gem-fields, the Pul- 
moddai and Batticaloa ilmcnite beaches, the lnduruw:i 
monazite, the enormous stretches of ])ure (luart/ 
sands on the coasts. The produce of one gem-field 
represents the breaking up and erosion of million 
upon millions of tons of gneiss and granite rock by 
the atmosplieric agents ; these dense transparent 
crystalline minerals (gems), by reason of their 
superior hardness and greater resistance to dcconi- 
jKisitioii have been dropped by the rivers at their 
del)Ouchurcs from the mountains, while the less 
dense, softer detritus has been carried away further 
as sands, clays and silt by the rivers and ultimately 
discharged at their journey’s end into the sea,- 
land’s tribute to the ocean since the beginning of 
lime. 
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^pllK first men lived on forest products, together 
with such animal life, eggs, and the like as they 
were able to find or capture. I''ven to-day one may 
sk-e in some places, as in the Sulu Islands (Philip- 
pines) and elsewhere, troops of monkeys leaving the 
trees and going* out on the sea beach at low tide to 
make a meal of various sea animals, small fish, 
Mollusca, Crustacea, and worms. We may Ik* 
certain, therefore, that primitive man from the 
earliest times caught and ate fish, crabs and their 
like, and all sorts of Mollusca occurring between 
high and low tide marks. P'isheries are, therefore, 
.'ilniost coeval with the utilization of forest products. 

The four i)rimary sources of wealth in any 
coimtry are, in the order of their development, 
forests, fisheries, agriculture, and mining. Agri- 
culture was not developed for a very long time after 
lliL* first two, and mining came still later. In all 
ages and in all climes fisheries have been of im- 
portance. Wherever man has lived by the sea, lakes, 
or rivers he has found in their waters one of his most 
important fo(xls. >Since fish cost nothing to rear or 
maintain, often came in fabulous uuml)ers with the 
regularity of the seasons, were easy to catch and 
I 'reserve for future use, dependence upon and deve- 
loi)iiieiit of fisheries came at an early stage of 
economic development. 

Ill the rice-eating countries of eastern and south- 
eastern Asia, and the adjacent, great islands, the 
fisheries have always been of j eculiar importance, 
since the mass of the people prefer fish to any other 
fi'i'm of animal protein. In all the aliovc regions the 

* ‘Suniiiiary of’ a talk given at the Royal Asiatic Society 
hciigal on December 2, IJMO. 


methods now in use were developed a very long time 
ago and have been handed down to the present time 
with very little change. These methods were 
efficient enough in former times when the pojnilalion 
was small, I)iit with the great and rai)idly accelerating 
increase in i)opiilalion to-day they are far from 
meeting the needs of the peoi>lc. To get the fisher- 
men of those regions to change their methods and 
use boats and fishing gear dilTereiit from the ancient 
ancestral types is a very diificiilt task. This is due 
to a number of causes, the chief ones being 
ignorance, conceit, poverty, and lack of co-operation. 
None are more tenacious of tradition or harder to 
convert to new ways than the ignorant, and none are 
more positive that they know it all. This is 
eminently true t)f the Oriental fislierinan. 

KiSHKRIKS in TIIK PlTlMia*INKS 

In spite of the manifold difiiculties impeding 
lu’ogrcvss, real imprf)vemeiit is gradually being 
effected in the Philippines.''' When 1 as.sumed 
charge of Philii>pinc fisheries, there was not a single 
TMipiiio trained in the scientific study of fishes or in 
modern methods of fishing and fish preservation. 
To-day there is a staff of Filipinos, some of whom 
have demoiistrateil exceptfoual ability, who have 
been trained in the United vStates and Japan in such 
lines as ichthyology, fish culture, hatchery manage- 
meut, fishery methods, canning, drying, refrigeration, 
oyster culUire, etc. It is self-evident that the 
formation of a corps of adecpiately trained scientific 
staff is the first step towards the modernization and 
liroper development of a country’s fisheries. 

• The writer was formerly chief of the division of 
fisheries, ^Bureau of Science, Manila, Philippines. 
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From India to Malaya and on throughout the 
Fast Indies, from which the Philippines cannot be 
separated geographically, the Innits used by the native 
fishermen ' arc kcellcss canoes or catamarans, without 
cargo space and utterly unsuited for off-shore fishing 
or for fishing by modern methods. Their working 
radius is limited to a few miles, likewise their 
nets have a mesh entirely loo small, so that they 
cannot be handled with rapidity and efficiency. 

It is now more than 22 years since Japanese 
fishenneii, using the 7 nuro-ami method and power 
launches, began operations in the Pliilippines and 
East Indies. For several years I aided them in 
several ways, thinking that when the P'ilipino fisher- 
men sjiw how the Japanese fishermen prospered, at 
least some would adopt the new methods and profit 
thereby. In a few years Japanese fishermen were at 
work throughout the Philipj)ines and East Indies and 
were very important factors in supplying the markets 
of Manila, Singaiwre, liatavia, and other large cities 
of the island world off south-eastern Asia. They 
went to remote isles and reefs, returning with iced 
cargos of fish that were rarely or not at all taken by 
the native fishermen. Ordinary storms and rough 
weather did not stop them, as their keel-built launches 
with powerful engines could either outride them or 
easily make for some sheltered inlet or bay. At 
the same time the common people benefitted by being 
sui)plied with an abundance of wholesome edible fish 
at moderate prices. Yet the native fi,shernien did not 
follow the lead of the Japanese, but adhered to their 
old ways. Thus the Japanese gained an ever greater 
ascendancy in the fisheries. 

The reasons for the supremacy of Japanese 
fishermen over those of other Asiatic countries are 
plainly in evidence. It begins with village schools, 
the Japanese being the only people with a definite 
system of education specifically planned for fisher- 
men’s sons. The boys of a fishing village attend a 
primary school where they are taught the tundameii- 
tals of fishing, in accordance with the findings of 
their scientific exixjrts. They arc instructed in the 
making and use of fishing gear and all sorts of 
tackle, in the making and handling of boats, in the 
best methods of taking various kinds of fishes, hi 
short, in the basic principles of the art of fishing. 
In each maritime prefecture there is also at least one 
secondary school, where boys receive more advanced 
training. They go more deeply into the construction 
of boats and tackle of all sorts, and their proper use. 
They learti the rudiments of navigation, and study 


the chief commercial fishes and their proper iitiliza- 
tion. When they graduate they are ready to beconii; 
captains of fishing craft or to hold subordinate indus- 
trial posts in the fishing industry. Lastly, there is 
the Imperial Fisheries Institute, which is a depart- 
ment of the University of Tokyo. Here scientific 
and technical exi)erts are trained for re:>carch, adnii- 
iiistration, and industrial work upon everything that 
concerns fish, fish handling, and fish preservation. 
In addition to the admirable educational facilities 
p.rovided, every prefecture has at least one experi- 
mental station for work on fishes and fisheries. 
Each station on the sea coast has at least one sliij) 
or ocean-going launch, to carry on research at sea. 
Formosa alone had seven such .ships, fifteen years 
ago, constantly engaged in fisheries research. The 
Japanese Government encourages and supports the 
fishing industry in every possible way. 

There is a tuna cannery at Zamboanga, oiieralcd 
by Japanese, who are supposed to train Filii)in<)s to 
catch and process tuna, but thus far no real tiaiiiiiig 
has been given. Fishery experts were to be imporlcd 
for that purpose, but thus far that has not Iklii 
done. Ordinary Japanese fishermen, without qualifi- 
cations for teaching, have been called exi)erts, hut 
have failed to teach anything worth while to Filipino 
student fishermen, who have learned iiothiii.u 
enabling them to carry on independently, either as 
fishermen or as cannery operators. 

The principal activities of the Philippine fisheries 
deparlinent arc grouped about sea fisheries, with 
special emphasis upon the sardine industry ; the 
pond culture cf marine fishes ; the pond culture of 
freshwater fishes ; lake and river fisheries ; culture 
of edible oysters and other molluscs ; the study of 
pearl oysters and button shell molluscs ; experiiiieii* 
tal .study of shrimp and other Crustacea ; experimen- 
tal fi.sh canning, and otlier methods of fish preserva- 
tion. These activities arc not concentrated ir. any 
one locality, but are scattered over the islands in the 
[daces deemed most suitable for such work. 

Nearly ten crorcs of rupees are invested in 
salt water fish ponds in the Philippines, mainly about 
Manila Pay, for the culture of Chanos chanos. This 
fish is the Tullu cdndal of Tamil and Pdla bonlah of 
Telugu. Although Philippine methods are superior 
to those in use elsewhere, there is room for improve- 
ment. An experiment station is devoted entirely to 
the culture of this fish, .in an effort to work out 
scientific methods to replace the traditional riilc-of- 
Ihumb practices. 
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Gurami, a Javanese freshwater fish of superior 
quality, was introduced by the writer and is now 
cultivated in three-fourths of the provinces. It is 
very extensively bred now in the lowlands, and bids 
fair to do for the Philippines what it has done for 
over-populated Java where it furnishes a plentiful 
supply of fish in regions away from the sea. In 
addition to gurami, other kinds of freshwater fishes 
are being bred to ascertain their suitability under 
Philippine conditions. 

The fisjieries division is headed by a specially 
trained zoologist, a Filipino familiar with conditions 
in his own country and the fisheries of the western 
coast of America and Japan. He is able to lead and 
i.dvise his staff in scientific problems, so that the 
prospects are good for a better development and more 
scientific management of Philippine fisheries than 
ever before. 

Work in MAr^vvA 

In the >Straits Settlements and Federated Malay 
States the fisheries were formerly conducted by Malay 
and Chinese fishermen. When Japanese came with 
motor launches they si)cedily assumed a dominant 
position in the Singapore market. Unlike the Malays 
and Chinese, whose canoes and junks had a very 
limited range of movement, the Japanese could go 
great distances and catch fish in quantity wherever 
lliey went. From Singapore they not only worked 
both the east and west coasts of Malaya, but went 
iioiih to the Gulf of Siam, eastward through the 
shoals and reefs of the South China Sea, and all along 
the coast of Borneo. They fished the adjacent coasts 
of vSumatra, the islands south of vSingapore, the reefs 
of the Java Sea, the P'lores Sea, the usles of the Banda 
Sea, and even went as far east as the Aru Islands, 
south of New Guinea. No wonder Singapore re- 
ceived a vast supply of fish at relatively low prices. 

At present the activities of Japanese fishermen 
about Singapore are greatly curtailed. The wai con- 
ditions have hampered them, financially and other- 
wise, while the licences of all those infringing upon 
or disregarding regulations have not been renewed. 
The number now operating is, therefore, not much 
more than a third of those active a few years ago. 

The fisheries department of the Straits Settle- 
ments and Federated Malay States is working active- 
ly towards the betterment of both marine and fresh- 
water fineries. Particular attention is being paid to 
the culture of the larger native freshwater fishes. 


At the Tapah Experiment Station in Perak the tullure 
of various native carps, as well as that of gurami 
and some other fishes, is being carefully studied. 
Already the influence of this station is evident among 
the local Malays, many of whom are laVihg up fish 
culture. 

In the Cameron Highlands, Pahang, a trout 
liatchery has lx.‘en established and a number of 
streams have been stocked, so that sportsmen may 
now angle for trout. The hatching of trout in the 
tropics, and the stocking of a few remote mountain 
brooks, is a very expensive matter, and has little 
justification. It is done in response to the efforts 
of a very minute but vociferous fraction of the poi)u- 
lation, and its expense is out of all proiiortion to the 
niinil)cr of people benefitted. The establishment and 
artificial maintenance of trout fisheries in the tropics 
is something that should come after everything else 
pos.sible lias been done to maintain and augment the 
supply of food fishes for the common people. 

The native fishciinen of Malaya arc just as 
ignorant and averse to change as those of the Philip- 
pines, while their methods are more backward. The 
fisheries department is headed !)y competent and 
thoroughly trained biologists, who are doing all they 
can to rectify conditions. In spile of all they can 
do it will take a long time to work any appreciable 
change in tlie marine fisheries. However, in Malaya, 
and to a much greater e.xtent in the Philij)i>ines, the 
fouiidalion has been laid for a development of aquatic 
resources far beyond any tiling in the iiast. Rational 
;:nd sound c<Jiiservatioii methods for both marine and 
freshwater fishes are lacing introduced as rapidly as 
knowledge is gained and conditions allow of their 
acceptance. 


CoNIilTIONS IN IhCNr.M, 

How do the preceding conditions compare with 
those in Bengal, and what is the status of Bengal 
fisheries? As you all know, there is no fisheries 
department in Bengal, and the stains of Bengal 
fisheries is deplorable. The huge, sprawling city of 
Calcutta, with its swarms of poor and half-fed people, 
is very inade(iuately supplied with fish, and this is 
true likewise of very many of the towns and villages 
()f Bengal. A comparison of the markets of Calcutta 
with those of Hong Kong or Manila, — cities perhaps 
a third of the size of Calcutta, — affords ample iiroof 
of the truth of my statement. 
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After niakinj^ all due allowance for the vege- 
tarians, and the people who refuse to eat fish, there 
remains in Bengal a vast number of people who are 
glad to eat fish, but at the same time rarely have 
eiiougli to eat. They are not only victims of 
.semistarvation, but also sufTer from malnutrition, .ns 
a result of living on a diet deficient in protein. The 
addition of an adequate supply of fish to theii diet 
would furnish them with the iiiitritioiis, uholesome, 
and readily assimilable protein necessary to balance 
their diet and build tissue. 

At present the people of Bengal and adjacent 
l)rovinces prefer freshwater fishes to those exclu- 
.sively marine, as any one can see who studies the 
local markets. This is due to a variety of causes, 
not the lea.st of which are the inadequacy of the 
transi)ortation and i»reservalion of fresh fish. Before 
there can be any real development of fisheries, 
especially of .sea fi.sherie.s, there niu.^^t be .suitable 
l>rovision made for the proper distribution and market- 
ing of the fish obtained. These reipiire an ample 
supply of cheap ice, and ample cold storage facilities. 
The logical agency to supply such need is, of course, 
the goverumenl itself. There is no great public 
tervice rendered if the catcli is brought in half-putrid, 
or even merely stale, condition and then left to 
hai)hazard agencies to gel it in the hands of the coii- 
.snming public. Experience elsewhere has shown that 
ultimately govcrnineiit cold .storage and ice jdants are 
absorbed by private interests, allhougli in the 
beginning i)rivate capital could not be interested. 

'riiere arc many things a Bengal fisheries, depart- 
ment might suitably do, and many problems it might 
profitably investigate. However, there arc certain 

obvious needs which are mo.st clo.sely linked with the 
improvement of the food supply of the common 
people, and it is those to which a fisheries depart- 
ment should devote most of its energies. All studies 
and surveys should l>e planned to cover a term of * 
years, and should be continued until definite results 
were reached, or it was positively shown that they 
were futile, (i) A study of 'the freshwater river and 
lank fishes. This should include their distribution, 
breeding habits, flood, rate of growth, migrations (if 
any) and all other details of their life history, their 
enemies, di.sea.sc.s, and all factors affecting them 
adversely or favourably. {2) Similar studies should 
be conducted uiion the e.stuarine fishe.s characteristic 
of the brackish water creeks and channels, especially 
in the Ganges lX*lta. (3) Experimental studies upon 
the pond culture of (a) native freshwater fishes ; 


and {b) of freshwater fishes from other countries. 
(4) Experimental ponds for the culture of various 
marine and brackish water fishes, especially Chanos 
chanos. (5) A study of the distribution, seasonal 
occurrence, food, and life histories of marine shore 
fishes, together with a study of the fishery methods 
for each kind. Einked with this would ho (6) im- 
proved methods of drying, sa*iting, introduction of 
canning, etc., and (7) methods of handling fresh fish 
by icing, brine-frceziiig, refrigeration, etc. (8) A 
survey of the very rich fish fauna of the Andaman 
Islands. T'he dcveloimicnt of Andaman fisheries by 
the use of muro-ami nets, gill nets, trammel nets, 
drift nets, fish corrals, long-line fishing, hand-line 
fi.shing, and commercial angling, would afford a large 
supply of high (|nality food fishes in great variety. 
They could easily be landed cheaply at Calcutta, in 
first class condition, (q) Experimental work on tli-j 
culture of .shrimps or prawns. (10) Continuation (»f 
work on trout and other fishes from cold climates, 
already introduced into mountain streams, fii) Ex- 
perimental work on oysters and other Molhisca. 
(12) A careful survey of the Bay of Bengal, with a 
view to developing its deep sea and pelagic fisheries. 
Trawling, and i)erhaps drift nets, longliiu fishing, 
and coniniercial angling miglil all be used willi 
success. Since there is nothing in the way of native 
l)elagic or deej) sea fishing, in India, .such develop- 
ment would be a difficult matter and must be left 
for the future. 

The list could be much extended ; for exami)le, 
there is a great field in the utilization of by-products, 
particularly in counection with jiclagic and deep sea 
fi.shing, where the livers of certain ha\e 

proved to be very valuable in recent years. There 
is also a great deal to be done in gaining more know- 
ledge almil larvicidal fishes, and their value in im- 
proving health conditions. Enough has been indi- 
cated above to keep a department of fisheries busy 
for a very long lime. It must always be borne in 
mind that a fisheries department cannot work 
miracles, or get Ix^neficenl results in a year or two. 
The niethiKls of one region may not be at all workable 
in another region. Only general principles can lx; 
gained by study in lingland or the United Slates, 
since the fishes of India do not occur in Europe or 
America, while the climatic differences compel great 
differences in the handling and preservation of fishes. 
The actual details of operation must lx; worked out 
on the ground by properly trained biologists and 
chemists working in co-operation. 



May, 1941 


Fisheries Dki’Aktmicnts of the pHiEirriNEs and Malan a 


033 


Organisation of thk Fishkrirs Dkp\rtmknt 

It is evident that there is need for a fisheries 
del)artinent in Bengal, so that it is in order to say 
something about the kind of a de|)artni».*ut it should 
be, and sonietliing of its staff. 

Needless to siiy, it should be entirely outside 
].olitics, and politician^ should have nothing to say 
:il)Out appointments to its staff. Only one thing 
should be considered in making an appointment, 
thoroughly trained efficiency. The director should 
be not onIy»a highly trained biologist, with specia- 
lized knowledge of fishes, or fish culture, and 
fisheries, but he should also be a dream .^r, with the 
energy to activate his dreams. In the long run 
it is only the dreamer and seer of visions who gets 
things worth w’hile done. He alone can visnali/e 
('Iher ways of doing things, or see them differently 
from the way they are now done. He should have 
vision enough to filan a cmisisteiit scientific pro- 
amine for ten years or twenty-five years in advance, 
and have experience enough to make his plan work- 
able. He should have authority to amend, amplify, 
or ollierw’ise adapt his programme to changing condi- 
tions, to meet imblic prejudices, and other deterrents 
of iinfore.seen character. He should likewise have a 
flee hand in tlie selection of his staff, S(j that he may 
^ecllre the best trained men po.ssible, without regard 
to race, religion, social status, or political views. 

To place a glorified clerk or “admiiusl^‘al<)r” in 
charge of a bureau of fislicrics is unthinkalde, and 
puts a strain on the department that makes it creak 
in the joints. A lack of definite, si»ecific knowletlge 
cn the part of the director makes him peculiarly 
liable to esiumsc erratic or unworkable i»roiects, and 
to lake uj) expensive and unsuil'ible schemes, the 
fallacy of which may have been demonstrated over 
and over again elsewhere. A clerk is not placed in 
charge of a campaign against the bubonic plague, or 
in command of an ocean liner. Neithjr slnndd he 
lie in control of a scientific bureau, trying to handle 
problems of which he knows nothing and of which 
l^c can form no adequate concept. 

At this point attention may he directed to the 
hu t that India has very few men (|ualificd by train- 

and experieilce to do work with fishes. The 
Zoological Survey has several com])eteiit biologists on 
its staff, including one eminent ichthyologist wdio has 
^specialized on freshwater fishes. Hut this is not 
enough. It is true there are no jobs waiting to be 
filled at present, but it is time that some of the 


Indian colleges and universities wakened t<^ the 
paucity of workers on Indian fishes, and that some 
departments of /oology began to train students to 
work on fishes and fishery problems. It is belter to 
have trained w^orkers williout jobs than to 'wait until 
there are vacancies to fill before starling to train 
workers. 

The idea has liecn advanced that a depaiTmeiit 
of lislicries should pay its own way, or even make a 
profit. Such an idea is unsound anywliere, and is 
especially erroneous in Bengal, wdiere the fisheries 
are undeveloi>ed and the iiidnslry is not only un- 
organized but needs to be carefully nurtured if it is 
ever to amount t(> anytliing. It cannot be texi greatly 
emphasized that the primary function of a fisheries 
department is to maintain, and conserve, and if 
possible to improve and increase the food supply of 
the mass of the people. All otlicr considerations are 
subordinate. There is no more reasf)n to expect a 
fisheries department to pay its w'ay than to expect 
the bureau of health to make large p'rofits out of 
epidemics, or the fire department to gain lakhs of 
lupees from fires. No one expects the department 
of agriculture to conduct large grain farms and main- 
tain large herds of cattle ff>r profit ; neither .should 
a fisheries depart meiil engage in commercial fishing. 
The fisheries department may educate the fishermen 
and general public, and show what is to be done and 
bow to di> it, by exi)erimental work and demonstra- 
tion, but beyond that it should not go. If any direct 
revenue is obtained by the sale of angler’s licences, 
from the registration and licensing of commercial 
fishermen and their craft, and the licensing of various 
sorts of fishing gear, it is incidental and is not the 
true purpose for which a depaiTiiieiit is maintained. 

On the other hand the government ultimately 
derives a large amount of revenue as the result of 
having a strong fisheries department. Tlie growth 
cif various i>hases of fishing, with its attendant in- 
crea.se of inve.sted caintal in boats, shi])S, fishing gear, 
etc., the development of fish ponds, of drying, salt- 
ing, and canning establishments, the manufacture of 
by-pnxlucts such as oils rich in certain vitamins, and 
the development of and the exploration of other 
potentialities would, in the aggregate, increase tlie 
amount and value of taxable property to such an 
extent as to repay the cost of a fisheries department 
manifold. 

At the same time it is well to note that if a 
fisheries dejiartment increases the food supply of the 
people and thereby causes them to be better fed, 
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bringing them greater comfort, energy, and health, 
it has amply earned its right to exist, whether it 
ever earns any revenue or not. 

ThiiS' far only the needs of Bengal have been 
mentioned. What has been said applies with even 
more force to the need for a fisheries department 
for India. Politicians and provincials of inflated 
egoism may insist upon ancient puny political 
boundaries, but it is well to observe that the fish do 
not recognize them. Only too often a flourishing 
fishing industry has been destroyed because some 
man-made senseless boundary allowed greedy and 
leckless people to destroy fishes without giving them 
a chance to reproduce. 

Madras has had a fisheries departmeiil for twenty- 
five years or so, and much valuable work has been 
done by it. Unfortunately it is at present admini- 


stered by the Director of Industries, and has no 
director of its own. Naturally the Director of Indus- 
tries thinks the fisheries department should be revenue 
producing, and research unnecessary. A fisheries 
department without emphasis upon research soon 
becomes moribund. 

Bombay, Karachi, and Travancore are each 
making tentative efforts to develop a department of 
fisheries. There is ample room and work for a 
strong department of fisheries in each of the great 
.subdivisions of India. At the same time there is 
cr|iial need for a national department of fisheries to 
co-ordinate the efforts of the various presidencies and 
provinces, to look especially after migratory and 
pelagic fishes, the deep sea fishes, and the develop- 
ment of the fisheries of the Bay of Bengal and the 
Arabian Sea outside the provincial boundaries. 


THIRD CYCLOTRON IN MOSCOW 


The great fillip that has been given by cyclotron to the study of nuclear phy.sic.s and of radioaiTive 
isotopes as applied to biology is shown by the progressive countries of the world in building very 
powerful cyclotrons. The Radium Institute of Leningrad has one cyclotron and the Leningrad Physico- 
Technical Institute, of which Prof. Joffc is director, is building another. It has now been announced 
that a third cyclotron, which will he able to produce 50 million electron volt dcuteron.s, is going to he 
built in Moscow. It will have a magnet the core of which will weigh r,ooo tons and the solenoid 
18 tons. An idea of the size and vvciglit of the cycloLou can thus be obtained. The interest that tlic 
vSoviet (Government has been taking ever since its installation in power in all manners of scientific i)rogreS'. 
seems to be almost unparalleled in the history of the world. The way how they provided extraordinary 
facilities for the work of Prof. Kapilza will be fresh in many peoples* minds. 
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I^ESIvARCHKS in albuiniiKJus substances have 
been cauiecl on for over a century, and, since 
tlic discovery that i)rotein is essential for the iiiain- 
k'liance of life, the interest shown in it from every 
;’.si>ect has greatly increased. Chemists have studied 
the various properties of iiroteins, their molecular 
'.vei^ht and their structure. Physiolo.uists have con- 
ducted long and patient researches to determine the 
exact quantity and (luality of proteins refpiircd by 
man for his nourishment. Clinical medicine has 
found it useful for diagnosis to know the changes 
tlial take place in the properties of the piotcins in 
tile blood in disease. Research has produced valuable 
data on the physical and chemical i)roi)ertie.s of pro- 
tein. From the standpoint of the biologist, however, 
:ill these studies arc found to have an iTni)ortant 
defect. The materials employed were usually albu- 
minous extracts, known as albumins, globulins, 
llhrin, casein, edesthine, gliadiii, legumin, etc., 

1 1 Gained from animal and vegetable organisms. 
\'aiioiis iiroc'csscs — the most common being salt pre- 
cipitation— are applied to obtain these from organs 
ami li.ssues, but during these proe'esses th.e uhole of 
the i)rotein is not extracted. Albumins, globulins 
and the rest of these substances are merely fragments, 
artificially-detaclied parts of the complex molecule 
of the protein in the living tissue. That is why, 
hoin the biologist's point of view, the results of 
^ln(Iies made with thc.se extracted substances cannot 
be satisfactory. It is impossible, for instance, to 
ic.dge of the proi>ertics and behaviour of the com- 
plex molecule of protein contained in the blotxl or 
die brain-cells from the properties of the albumins 
die blocxl or the globulins in the brain-tissiie. The 
J'tiuly of the protein zein, obtained from maize, 
du>\\cd that zein was deficient in nourishment and 
was inferred that the proteins in m.ii/e were in- 
ferior. After further researches it appeared that this 
conclusion was a mistaken one and that maize was 
•an excellent full-value food. The error had occurred 
because zein, which is merely a part of the protein 
'intent of maize, had !)een identified with the total 
piotein in that grain. A number of similar example^ 
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led to the conclusion that for the study of biological 
prolK*bns it is nece.ss.ary to know the properties of 
the entire protein content in the given tissue and 
not of detached fractions of [irotein. 

Particular interest is being taken at present in 
researclies in the amino-acid coiistilnents of proteins. 
No one doubts, of course, that the complex molecule 
of protein consists of amino-acids connected with each 
other and it is upon this coniieetion that chemists 
are concentrating their attention. ' The question is 
one of the greatest imi>ortance not only for the study 
of the strnclnre of protein, but for biology as well. 
As a matter of fact, the proteins of every organ in 
one species of animal prove to have specific pro- 
perties which differ from those of the Siime organs 
in another species. It may be conjectured that the 
immense variety of proteins in nature is accounted 
for by the dissimilarity of their amino-acid composi- 
tion. From this standpoint, therefore, the deter- 
mining of the amino-acid composition of the proteins 
of dilTcrcnt organs and tissues is of the greatest 
interest, since it may also serve as a basis for 
explaining the various functions of separate parts of 
the organism. 

ITnfortunately, the study of the amino-acid con- 
tent of proteins was carried on in exactly the same 
way with albumins, globulins and other extracts. 
Their composition could not, of course, he taken as 
I'j^prcscnlalive of that of the proteins in the living 
cells of the organs and tissues that were being 
examined. 

Al)out tell years agot we suggested that, in 
connection with certain biological problems, we 
should make a study of the protein in an organ as a 
whole and not in accidentally detached fragments, 
'raking as our staiidiioint the fact that the albumins 
and globulins are artificial products obtained as a 
re.sult of special treatment of the proteins of the 
tissues, we decided that nothing but the study of the 
total protein in the cells could disclose the specific 
properties of the various proteins and their alteration 
in disease. 
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We began with the invevStigation of the amino- 
acid composition of the total protein in different 
human organs and tissues. In order to do this we 
had to extract the whole of the proteins in the blood, 
liver, heart, spleen, kidneys, etc., for only thus 
could we form an idea of the specific nature of their 
composition. The biochemistry departments of the 
First and Second Moscow Medical Institutes con- 
ducted researches extending over many years to 
determine the amino-acid composition of the total 
proteins in the human organs and tissues, and we 
are now able to add this definition to the existing 
morphological description of separate organs. Thus 
we have an extremely interesting chemical anatomy 
of the proteins of the human organs and tissues. 

We have become convinced that the proteins of 
every organ possess an amino-acid composition 
peculiar to them alone. For example, those of the 
spleen contain the amino-acid cystine in greater 
quantities than those of other organs, while the 
j^roteins of the heart are distinguished from those of 
other organs by their high content of tryptophane. 
Another amino-acid, lysin, is found in the largest 
quantities in the proteins of the kidneys, the skin 
and the thyroid gland. Similar differences in the 
composition of the proteins of .separate organs can be 
seen in other amino-acids. 

These researches .show that the total proteins of 
the different human organs and tissues have their 
own specific amino-acid composition. There is no 
doubt that one of the reasons for the functional 
difference in the various organs .and tissues lies in 
the dissimilarity of the chemical .structure of their 
proteins. 

The topography of the chemical substances in 
the human body has only just begun to be worked 
out. Since protein is the principal chemical .sub- 
stance in the protoplasm it is obvious that the 
morphological development and functional acitivity 
of each organ depends to a certain extent on the 
properties and structure of the proteins it contains. 
Undoubtedly a knowledge of the amino-acid coni- 
po.sition of the total proteins of the human organs 
and tissues will be of great value to morphologists 
and biologists. Particularly important is the exten- 
sion of this kind of work in onto- and phylogenesis, 
since they form the basis for an understanding of the 
structural and functional data for evolutionary 
morphology and physiology. In this field the best 
work so far has been done by Kaplansky and his 
colleagues on the amino-acid composition of the total 
proteins of the human brain. The outstanding 


peculiarities of the metabolism taking place in an 
organ can perhaps be accounted for to a certain 
extent by its amino acid composition. 

We decided to conduct, parallel to thesr 
researches, the study of the same proteins and organs 
in the pathological state. We started from tlic 
premise that the morpholqgical and functional 
changes taking place in the organs of a patient 
suffering from a .serious complaint are unboudtedly 
connected with the alteration of the chemical coni- 
po.sition of protein, the most essential ^substance in 
the cells. In other uords, we were prepared to find 
that the amino-acid composition, too, of the proteins 
in the various organs might prove to be other than 
in the normal healthy person. 

With this end in view we began the study of the 
proteins in the organs of patients suffering from 
cancer. 

When we had extracted the total proteins from 
liver, spleen, heart, stomach and other organs 
lielonging to those who had died of cancer, we 
employed the satnc inethcKl as in the ca.se of healthy 
organ.s, to determine the aiuino-acid composition nf 
the proteins. We have now completed our researches 
on certain organs and, although work is still going 
on and can only be expected to yield final results 
in a year or two, it is possible even now to summa- 
rize them to a certain extent. 

Our work has shown that if we compare the 
ainino-ackl composition of the jiroteins of the spleen 
ill the normal person with those of the eaneer- 
patient, we find that in the latter case tliere is twice 
as much of the amino-acid lysin, and, on the other 
hand, a marked decrease in two other amino-acids 
tryiilophane and histidine. The proteins of the 
sidceii retain the other amino-acids in practicallN the 
S'lme proportions in the case of cancer as in the 
normal person. 

A similar jiicture is presented by the proteins of 
the heart, where, in the cancer patient, we found a 
very marked increase — 84% — of cystine, a reduction 
of 4<^% of tryptophane and a considerable increase 
68%— of arginine. In almost none of the organs of 
the cancer patients we examined did the amino-aei<l 
composition of their proteins correspond exactly to 
those of the normal. So far, the least change of all 
has been found in the proteins of the blood '>f 
cancer patients, where there was a reduction of 35 
in only one amino-acid — lysin. Tliese results arc the 
more interesting since, morphologically speaking, 
changes were found in the organs examined. They 
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were free from metastases, and, from the pathologo- 
anatomical standpoint, showed no other changes. 
Therefore, the chemical alterations we found 
evidently take place in the proteins at a much earlier 
stage, long before they are discovered by morpholo- 
gists. When we examined the cells under the 
microscope they still appeared normal in structure, 
though chemically a^feady different from normal. 

It would be premature to make any definitions 
as to how far the changes discovered arc specific and 
peculiar to .cancer. On the contrary, v\e feel certain 
the same lAenomenon might be observed in the case 
of other serious illness. A serious illness brought 
on by the diseased state of some particular organ, 
not only affects the system as a whole, and not only 
impairs the functioning of organs far removed from 
the affected one, but may also cause even sooner the 
imijairment of the chemical composition of the 
jiroteins of other organs. Another question is 
whether in illness the changes may not take place in 
the same amino-acids, or be (luaiititatively unequal. 

It is possible that the marked increase of cystine, for 
e.xainple, found in the proteins of the heart in a 
I'ancer patient does not correspond to that in the 
i-ase of tuberculosis. It may be that herein lies the 
specific nature of the changes in the proteins in 
certain illnesses and diseases. 

Kurther research will supidy the answer to this 
(liiestion. The field has been widened by the experi- 
ments made on animals. As is well known, it is 
comparatively easy to produce a cancerous tumour 
similar to those from which human patients suffer 
on rabbits and mice. 

Kesults resembling those obtained in the case of 
cancer patients were yielded by experiments on 
animals. For example, changes taking place in the 
blood of rabbits suffering from cancer are identical 
to those in the ].>roteins of people with the same 
disease. 

In addition to the proteins of the organs and , 
tissues we investigated those of the tumours them- 
selves. The whole of the protein was extracted 
from the tumours removed by surgical operation and 
its composition analyzed. 

It was found to contain a high proportion of 

arginine, considerably higher— from 13% to 14% 

than the usual* arginine content, which is about 9%, 
in other organs. Marked impairment of the balance 
of the tumour-proteins was observed with respect to 
lysin. In other words, .the composition of the 
proteins of the tumours did not prove typical for the 
whole system. 


The question naturally arises whether the 
changes discovered by us in the proteins of the 
organs may not prove, too, to be one of the stages 
ill the pathogenesis of cancer. Since the aetiology 
and pathogenesis of cancer have remained so far 
unaccounted for, we have the right to suppose that 
an answer in the affirmative to our question is 
permissible. Only experiments on animals with 
cancer can clear up this extremely important point. 
Animals are infected with cancer and killed at 
various stages of the development of their tumours, 
and the amino-acid comiiositioii of the proteins of 
vaiions organs then investigated. We hope by this 
method to determine the forces regulating the altera- 
twms in the composition of the proteins at different 
stages of the (Icvelopinont of the tumour. 

It is anticipated that onr researches will serve 
to clear up certain points in the complex problem of 
cancer. Question as to why organs like the 
stomach arc more frequently attacked by cancer, 
while the spleen rarely is, and why certain ages are 
susceptible to this disease, may perluqis be accounted 
for by the uiieiinal composition of the proteins of 
the organs. 

The great majority of scientists engaged in 
cancer rCvSearches are gradually coming to the com 
elusion that the basic factor in a malignant growth, 
responsible for the transformation of the healthy cell 
into the cancerous, lies in the cell itself. Certain 
changes in the cell pnxluce the lumonr. Some 
scientists, (bewis, for exaiiqde) hold that it is 
precisely the chemical changes in the protoplasm of 
the cells that result in the malignant growth. 

The biochemistry of malignant grow'ths is as 
yet in its infancy. The recent discovery by Kdgl 
of the presence of an unnatural amino-acid — the 
dextro-rotatory glutaminic—in the albumin of 
liimoiirs has attracted a great deal of attention. It 
leads ns to suppose that the changes in the amino- 
acid composition of proteins in cancer cases play, 
too, a not inconsiderable i^art in the development of 
the disease. 

The study of the composition of the proteins 
requires time and labour. •Kiieonrngcd by the 
exlreiiiely interesting results already yielded by 
research in the biochemistry of cancer — the scourge 
that is responsible for the death of thousands 
every year — w^e feel certain that in collaboration with 
other scientists wdio have obtained successful results 
in the study and treatment of the disease, it will in 
time be possible to solve this very complicated 
problem. 
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\ SHORT lime ajL-o the writer of this note was 

privileged to visit the Barnard Institute of Radio- 
logy in Madras. He was greatly impressed by the 
e(iuipmcnts of the Institute, its organisation and the 
great amount of relief it has brought to the siiflFering 
public. Bombay too has got a similar institute of its 
own recently started by the Tatas. 

It is a pity that Calcutta which prides itself to 
be the .second city of the British I^mpire, has nothing 
even half as great as any of these. The limited space 
at the disposal of the writer enables him only to 
attempt a very brief outline of the various depart- 
ments and activities of this mtKlel institute which, 
he hopes, will convey a glimi)se of what is being 
done in that province. 

The Barnard Institute of Radiology was opened 
in 1934 by the Ciovernor of Madras. The Institute 
has been named after its first director, Capt. T. W. 
Barnard who has since retired. The Institute forms 
a part of the (Government (General Hospital and stands 
within the same compound. It is at present under 
the direct control of Ut.-Col. CG. Me Robert, M.D., 
F.R.C.P. who is superintendent of IxHh the Govern- 
ment General Hospital and the B, I. R. 

The Barnard Institute of Radiology is a part 
of one big project as drawn up by Capt. T. W., 
Barnard. The original scheme was to start a Central 
Radiological In.stitute in Madras which would serve 
as a training centre for radiologists. A diploma in 
medical radiology was to be awarded to successful 
medical graduates and these would be sent to the 
district headquarters hospitals in the province, in each 
of which a small radiological department was to be 
added. A Radium laboratory was to be attached 
to the Central Radiological Institute from which 
radon would be extracted and sent to the surgeons 
at the district headquarters. It was also hoped to 
form a Radium Therapy Research Committee on the 


lines adojited by the British Medical Research 
Council. 

It is gratifying to note that although a ven- 
short time has passed since this scheme was dra\Mi 
up by Cai)t. Barnard, a great part of it has already 
materialised. The Central Radiological Institute has 
been started, the Radium Laboratory and the Radon 
Extraction Plant has been in operation since 19 V). 
A diploma in medical radiology is. granted by tho 
Government of Madras after nine months* training 
in this Institute. The diploma cotuse embraces all 
I. •ranches of medical ladiology and elgctrology and 
also includes a short training in physics and 
electrical engineering as applied to X-ray tubes and 
h. I. discharges. In this respect the Institute has 
removed a long-felt need for the whole of India. 
Amongst the students for diploma course in medical 
radiology one meets with medical graduates not only 
from the province of Madras but from such distant 
places as Assam, Bengal, the Punjab and Coorg. 

Of the j.i district headquarters ho.spitals in 
Madras, radiological departments have been added to 
15 and radium treatment centres started in 5. At 
present the Institute has no special cancer ward of 
its own, but the original scheme provides for the 
budding of a Cancer Hospital with about roo beds. 
It has not yet been possible to start a Radiinn 
Therapy Research Council or to start any organised 
iv.search vNork in cancer. 

During the last year there were over 400 radium 
patients treated in the general hospital. Including 
those in the Gosha Hospital for women and children 
and those at the district hospitals, « the number of 
patients treated by radium needles or radon seeds 
will be near about a thousand. It is a great pity 
that no permanent recqrds or statistics of the cases 
could be kept as it has been found to be extremely 
diflicult to Ixj in touch with the old patients once 
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they are discharged from the hospital after treat- 
ment. 

The Institute with its present crjuipmeiils cost 
about 15 lakhs of rupees including 4 lakhs for the 
building and about 2 lakhs for i‘8o grammes of 
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large demonstration hall where D. M. R. classes are 
held are additional features of this section of the 
Institute. 

Each j)air of radiographic rooms has a. dark room 
in common with connecting cupboards in the wall. 



Vic. I. One of tlie Railiograpliic and Senciiiiig Rooms. 


radium. It has about 75 roi^nis installed with various 
ai)aratuses. There are seven sets of X-ray treatment 
apparatus, one 4(X) kv. and two 200 kv. tubes for 
deip therapy and two kx> kv. tubes and two Chaoul 
tubes for superficial therapy. All the X-ray rooms 
have wooden floor and the apparatuses are controlled 
from outside the tieatment rooms (operation corridor). 

On the radiographic side there are six afipara- 
tuses including ‘one Victor K. X. 5 apparatus with 
‘I stabiliser unit by means of which patients may be 
‘^■'tamined at two metres* distance. Dean’s apparatus 
fur upright and horizontal- screening and radio- 
.vraphy, a portable emergency X-ray unit, a dental 
department, an urological theatre and a 


This is of revolving light-tiglil design which pro- 
^vides for ea.sy transference of films from X-ray depart- 
ment to the dark room. The dark rooms are green 
tiled from the floor uj) to the ceiling. The dark rooms, 
the demonstration hall a;ul the radiographic rooms 
are all air-conditioned. Two ammonia compressors 
furnish the required refrigeration for X-ray film 
developing and washing cabinets. The solutions in 
the cabinet are maintained at a fixed temi>erature of 
65®F. The washing water is automatically changed 
five times every hour. Special thermostatic valves 
maintain the temperature of the solution within ± 1° 
of the required temperature. The whole plant works 
absolutely automatically. 
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Tile radium section of the Institute has been 
housed on the first flixir of the southern block. Both 
the radium section and the deep X-ray rooms face 
the river Cooum and the wide open military grounds 
which are not likely to he built upon in near future. 
Thus the possible dangers from the radiation have 
been minimised as iinieli as possible. On the first 
floor of the southern block, there are the radium safe, 
radon laboratory, radium bomb apparatus, radium 
implantation theatre, the physicist’s laboratory, dark 
room and a small workshop with lathe, carpenter’s 
and metal worker’s benches. 



On the opposite side of a spacious corridor which 
serves as a waiting room for the patients, there arc 
six cubicles for ultra-violet radiation treatment and a 
large hall for general light treatment of children 
(children solarium). The floor of the solarium has 
been finished with tiles forming circles for the 
guidance of children during exposures. 

The Institute has at present about i’8o gins, of 
radium element. Of thisi alx)ut 80 gins, of radium 
are inside of platiiiiim-iridinm needles containing 1-5 
mgms. each. These arc ii.scd for the treatment of 
local cancer patients. The surgeons in charge of 
the wards in the General Hospital use radium needles 
from B. I. R. for the treatment of their own patients. 
I'hese needles have to be returned to llie Institute 
as soon as the patient has been given the required 
dose of exposure. On account of the price of the 
radium element and the risk of loss of small n^edlbs, 


careful cheeky has to be maintained constantly on the- 
number of needles sent out of the radium safe am I 
the numlxjr actually returned. One great dii- 
advantage of having radium in needles is that they 
must needs be kept confined to the same place. 



Pio. III. DosiiiieU'r. 

It is very risky to send them by post to district liead- 
(piarters hospitals where radium may be urgently 
needed. On tbe other band the advantage of radimii 
needles arises from the fact that it gives a constant 
intense radiation and is therefore practically fool- 
proof as regards dosage etc. But often circumstaiices 
arise when patients cannot afford to come and stay 
in the General Hospital or to stay long in the 
hospital. In such cases the radium needles cannot 
be used as the maintenance of their adequate super- 
vision is not pos.sible. In all such cases, where the 
risk of loss outweighs the advantages of the con- 
stancy of radiation, the common practice in all the 
leading Radiological Institutes is to send applicators 
containing radon or the emanation from radium. 

Radium is a memljcr of a family of radioactive 
elements, each of which is changing at a constant r:ite 
into the next. Radium emits an a-particle and is 
converted to an inert gas radon whfcli in turn decays 
to RaA-^RaB-> RaC-»RaC'->RaD->>RaK->RaP 
etc. Both radium itself and its emanation (radon) 
are useless clinically because they dp not emit any 
y-rays themselves. These bodies owe their im- 
portance to the y-rays given out by their descendant 
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RaC', the fifth descendant from radium and the Bellary and Guntur. Some of these centres are as 
fourth from radon. If we have some amount of much as miles away from Madras so that radon 
radium clement sealed in needles, the radium atoms seeds require about 24 hours tci reach their destina- 
will disintegrate in course of time and form atoms of tion. During this time radon decays by 17% so 
RaC' which emit penetrating y-rays. One of the that if 80 millicurics were sent out on the previous 
inixlern practices in radio-therapy is to keep the day its strength on arrival at the spot will still lie 
radium in solution secured in an iron safe from which about 66 millicurics. If this is aiiplied to a patient 
the radon gas given out is drawn off by means of a for four days in succession he will receive a dose of 
mercury pump, purified and sealed in glass tubes about 32 m.c.d. which is often sufficiciil. 
which are then enclosed in gold or 
platinum iK^edle^ so as to cut off and 
p’-rays. These radon seeds can then be 
used in exactly the same way as the 
radium needles but with two distinct 
advantages. Little supervision is needed 
as the value of radon is practically nil, 

'file seeds may be sent to distant places 
by post and the range of applicability is 
imich widened. During treatment the 
patient need not be kept confined to the 
liostiital and the seeds may even be left 
in the body of the patient as radon will 
lose all its radio-active projicrties during a 
moiitirs tinit? and become then (piite 
harmless. 

A semi-autoinatic radon plant has 
l»een in operation in this Institute since 
as devised by Fail hi of the New 
York Memorial Hospital. It was the 
second radon plant installed in the Fast, 
the only other plant being at Tokyo. I'or 
the last few months another radon i>lant 
of the same dc.sign has been in operation 
at the Tata Memorial TTostntal, Bombay. 

In Madras, abont t grn. of radium is in 
solution from which abont t66 millicurics 
of radon may In? collected each day. A 
diagram of the plant is given here, it 
works automatically after the pump is first 
started by the operator. The operator’s 
presence is only needed for starting the 
pump and for sealing radon into small 
.glass capillaries after it has been pumped 
mto them. The small glass capillaries are 
put into holloyi^ gold needles giving a 
filtration of about 6 mm. 

The radoQ seeds are packed into small lead 'flic radium and X-ra>' treatiiieiit sections are 

containers and sent by ordinary post to different under the charge of Dr K. Rai, F.R.C.S.E., 
J^uliuin treatment centres in the province. There are D.M.R. who is assisted by two \>hys\c.\sts, Mr V. A. 
five at j^esent; at Tanjore, Madura, Coimbatore, Ponhaiya, M.Sc., and Mr V. Krishnamurti, M.Sc., 



Fig. IV. Dr. Failla’s Sciin-auloiiialic ‘All Glass* Radon Apparatus 
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Mr Ponnaiya may be given the honour of having 
installed the first radon extraction plant in this 
country. 

Working at the radon fdant is a risky job on 
account of the harmful effect of the powerful y-rays 
from radium on the normal tissues and cells of 
human Ixxly. The two physicists work on alternate 
weeks at the radon extraction plant, so that none of 
them is exposed to an excessive dose of the radiation. 
They must also undergo frequent bl(X)d tests and 
compulsory one montirs leave as required by the 
International Radium Protection Coinmitlee. 

The description of the 1 laniard Institute of 
Radiology will be incomplete without mentioning its 
pliysiotherapy departments. There are al>out 20 
Multostats giving Oalvanic, Sinusoidal and Faradic 
currents for various baths, massages and ionisation, 
infra-red lamps, four sjxirk gap diathermy, two 
(lermaii ultra sliortwavc units, hydrotheraiiy rooms 
and whirl-pool baths. 

The hospital charges in all departments are 
according to the income of the patient. For persons 
with iiieoine less than ruiiees fifty per month and 
for tile Imperial and Madras Ciovernmeiit Officials 
the treatment is free. For jieoplc with income above 
Rs. 50/- there is a sliding scale of charges. 

In such an Tn.slitute the protection against the 
powerful X-rays is an important item. The old 
practice of lining the walls of the departments with 
lead sheets woidil have costed alxiut Rs. 80,000/-. 
A new metlKxl has been used iii this Institute which 
has made a total saving of Rs. 60,000 possible. 
Ordinary clay bricks impregnated with barium has 
been used with a special mortar containing barium 
sulphate, cement and sand in the j proportion of 
: I : 1. Alxjut 170 tons of barium sulphate have 
been consumed by the whole Institute for this 
purpose. The doors of the X-ray rooms and radium 
r(x>ms have been fitted with lead sheets so that 
the X-ray and radium departments have throughout 
a protection of about 8 mmT. of lead which has been 
confirmed by tests iii N.P.L. 

Calcutta is the home of more than two million 
people compared to less than a million in Madras. 
In Calcutta, we have 250 mgms. of radium elgjncnt 
in the Medical College, 175 mgms. in the Carmichael 
College and al)oUt no mgms. in the Chitlaranjan 
Seva Sadan. Including the small amounts of 
radium kept at one or two private clinics and at 
the Bose Institute we have not even a gramme of 


that precious element. Suggestions for preparing 
radon seeds were put forward in this journal* in 1935, 
but nothing could be done for lack of funds and 
initiative. The facilities for deep therapy are equally 
meagre in this big city. We have here several 
200 kv. tubes but not a single 400 kv. unit while 
Madras can Ix^ast of two 400 kv. units, one at the 
Barnard Institute and another* in the private clinic 
of Dr Rama Rao. This Institute also possesses one 
200 kv. unit, Chaoul tube and Ore/, tubes for super- 
ficial therapy, Victor iiiducto-lherms* h.f. units and 
about 100 mgms. of radium element. 

In one re.spcct Calcutta may well be proud. We 
will scxpii have here the first cyclotron unit to l)e 
built in India. This will be capable of delivering 
particles with S million volts energy, by means of 
which it will be possible to prepare artificial radio- 
active bodies. 

Of the 92 stable elements, 87 have already been 
made radio-active by means of the cyclotron. Tlic:>c 
artificial radio-active bodies have half-liVes very sm:dl 
compared to that of radium, but emit ]K)wcrful and 
y radiations which may lx? used in the fKunc way ns 
radium. Some of these elements like Na, P, or C 
occur widely in the human body wliieh is rallicr 
fortunate, .since on account of their short lives they 
may be administered internally with no danger of 
cumulative effects like that of radium poisoning. 

The cyclotron also delivers a powerful beam of 
neutrons. The density of ionisation along the track 
of neutrons is cpiite different from that along P and 
y radiation. Thus at Calcutta will lx? available two 
entirely new methods of treatment of nialignaiil 
growth inside the human Ixxly, viz., irriadiation by 
'fast neutron beam and administration of induced 
radioactive bodies. 

Although it is too early to pronounce any 
definite opinion preliminary experiments have 
already shown that depth doses obtained with 
neutron beam are as good as with the most powerful 
X-rays. The radio-elements deposit .selectively in 
certain cells, c.g., radio-phosphorus on Ixines, radio- 
iodine on thyroid glands. On account of this sclec* 
tive absorption most encouraging results have Ix'eii 
obtained in the treatment of leucaemia by radio- 
phosphorus for which no other treatment was 
previously known. There is no doubt that these new 
methfxis will be most favourable additions in the 
.science of radio-therapy. 

■ SCIRNCK. AND CUUTURR, I, 138, 1935-36. 
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Use of the artificial radio-active bodies as tracers 
has opened up a vast field of research of fundamental 
importance. It is now i)ossiblc to follow step by step 
the complex chemical and physiological changes occur- 


found out. Thus radioactive S**' has been widely 
used as an index to protein melalxjlism, and for 
tracing the course of vitamin H, (tliiainin) metabolism. 
It is gratifying to think that once the cyclotron is 
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ing in our bodies. Small ainoitnl of radio elements are in operation here these and many other fundamental 

mixed up with the iiorinal ones and then with the help problems in plant nielabolisin, c.g., ion movement 

ol Cieiger-Miiller Counter the radioactive linger print in living protoidasm, mineral nutrition (K, Rb, P, 

of the original mixture throughout the whole body is etc.) and movement in plants etc., may be taken up. 



Sir Shah Mohammad Sulalman 


<^ 1 K Shall Molianiiiiad Sulaimau was born in 1886 of 
a family of Muslein scholars and divines who 
had been settled at Jaunpur for over five hundred 
years. Amongst his most distinguished ancestors 
may be mentioned the author of Shams-i-Buziglia, 
Mollah Main II ud, who wrote on the knowledge of 
sciences in the Islamic world, and was selected by 
the Emperor vShahjehan to undertake a journey to 
Samarkand for reporting on tlie famous astronomical 
observatory of Ulugh Hegh, then the best in the world. 
His father vShaikh Muhammad Usman was a leading 
lawyer of the Jaunpur Bar. Even as a boy, Sulaiman 
had acquired a name for scholarship and his devo- 
tion to his studies while a sludciit at the University 



Sir Shall Mohammad Sulaiman. 

Muslein Hostel at Allahabad was rememliered long 
after he had left the place. He had a brilliant record 
in the University examinations and in the B. A. 
examination of igo6 he topped the list of successful 
candidates winning several medals. The late Prof. 
Ganesh Prasad was one of his teachers and from 
association with him, his natural taste for mathe- 
matical studies was further developed. On the result 
of the B.A. examination, he was awarded State 


scholarship for study in England and proceeded to 
Cambridge. He passed his mathematics tripos 
examination in 1Q09 and the law tripos in 1910. Like 
all brilliant Indian students |ic tried for the Indian 
Civil Service in 1909 but was not amongst tlie 
selected candidates. He had naturally a second 
string to the bow, and qualified as a member of the 
Bar. In 1910 he was awarded the LL.*D. degree of 
the University of Dublin. He returned to India in 
1911 and first practised at Jaunpur as junior to his 
father for a year and then shifted to Allahabad in 
T912. Within a short lime he built up a very exU‘?i- 
sive practice and made his mark in a number of 
cases, as for example, the Rani of Sherkot*s ease, 
the Bamrauli case and the Dharampur case. He 
so much impressed two successive chief justices of 
the Allahabad High Court that he was offered a .seal 
on the Bench at the early age of ^/j. 

As judge of the AllahaV)ad High Court, his reojrd 
was very brilliant and Ihrougb his efforts was built 
up the pre-emption law in the Uniled Provinces. 
At the early age of 46, he became Hie perinaiieiit 
chief justice of the Allahabad High Court. Dining 
his judgeship he was called upon to act as the senior 
member of the Peshawar luiqiiiry Committee ap- 
P'ointed to investigate into the cause of the riois in 
Pc.shawar in iq.V). He was a member of Hie Capita- 
tion Rates Tiibiinal along with Lords Dunedin and 
Tomlin and on the recomnieiidalion of this triluinal 
the Government of England agreed to bear a iioiiioii 
of the military expenditure in India. 

As chief ju.stice, Sir Shah Sulaiman ’s work was 
exceptionally brilliant. His (luickiiess of mind and 
intelligent gra.sp of affairs enabled him to see tlinm-ii 
complicated ca.scs in a far shorter lime than other 
judges. His judgment on the Meerut Conspiracy 
Case stands as a landmark to his ability. This case- 
had taken two years in the lower court and four 
in the sessions court and naturally it was thought 
that the appeal would last at least for months, if 
not years. But to the surprise of the public, tlie 
whole affair was finished in 8 days. Complimenting 
on this judgment in the Federal Court Case No. i 
of 1938 Mr. J. H. Morgan, K.C., the well-known 
English constitutional lawyer made the follow in.g 
remarks while delivering the Tagore Law Lectures 
at the Calcutta University : 

“Now I have just been reading the judgments <>/ ^1^^ 
J^edearl Court at Dellii in that important case. One 0 
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these judgments stands out conspicuous and pre-eminent 
and may well prove to be locus classtcus of the law on 
the suliject. It is a judgment worthy of the highest 
traditions of the House of Ivords as an Appellate Tribunal 
and of the Privy Council itself. I refer to the brilliant 
judgment of Mr Justice Sulainian. In depth of thought, 
in breadth of view, in its powers alike of analysis and of 
^vnthesis, in grace of style and felicity of expression it 
one of the most masterly judgments that I have ever 
liad the good fortune to read. Hveryone in India interested 
in future development of the Constitution should study it.*’ 

The chief justice of a High Court has to do a 
lot of admivistrativc work hut Dr vSulaitiiau aided 
by his matlieiiiatical training reduced them to a 
1 online and therefore unlike other judges cotild find 
time for other activities. lie fought successfully for 
the rights of the High Court to remain aloof from 
local politics. 

His connections with tlie educational iii.stitutions 
are too numerous to mention. He was one of the 
founders of the Muslein High School at Allahabad, 
president of Madrasa-i-Subhaiiiah, Warden of the 
University Muslem Hostel, memlxjr of the Executive 
Council of the University of Allahabad for over nine 
>ears. As president of educational conference.^, 
muslem as well as non-niuslem, he delivered addresses 
marked by loftiness of views and freedom from 
bombastic expressions or the usual platitudes. He 
consistently held the view that technical efficiency 
was one of the fundamental needs of the country, 
and insisted on this point in several convocation 
addresses at Dacca, Aligarh, Hyderabad and Agra. 

Work at tiik Musi.km Univkrsity, Amgauh 

He was for two terms called nix)n to discharge 
the duties of the vice chancellor of the Muslem 
University, Aligarh, once after 1Q28 when the Uni- 
versity was in the midst of some internal commotions 
uliich lead to the appointment of the Ralimat Ullah 
Kn(|uiry Committee by the Oovernment of India. 
Tile members of the committee recommended far- 
leacliing changes and the Government could find 
nobody Ixjtter able to carry out these changes than 
v8ir Shah Sulainian. Though vice-chancellor tmly 
for a short time, he could give effect to the rules 
imd regulations which had become obsolete, and was 
instrumental in obtaining a lump sum grant of 
US lakhs from the Government of India. Under his 
'igilaut supervision definite terms of contract were 
lj‘id down for employment of the members of the 
Caching staff, Urdu was made an independent sub- 
ject of teaching in the B. A. examination, degree 
classes and teachers* training colleges were thrown 
f‘l'cn to women students and the finances of 


University were placed on a sound basis. So great 
was the respect felt for him by the Muslim community 
that during his second term of vice-chancellorship, 
the University had invested him with almost dicla- 
l(jrial powers. It is universally admitted that he 
established the Muslim University on a solid and 
seuiid foundation lx)th educationally and financially. 
The .standards of teaching were improved, higher 
scientific, hi.storical and literary researches were given 
a fresh impetus. Eike most energetic and intelligent 
men he sometimes failed to realise other people’s 
limitations and expected everyl>ody to work like 
himself. This sometimes caused a certain amount 
of criticism, but which usually .subsided as soon a ;5 
the critics found themselves in presence of his genial 
I*ersonality. After his transfer to Delhi as judge of 
the Kedcral Court, he found more time to take active 
interest in other educational iiistilutions like the 
Anglo- Arabic College, and others less well-known. 

As A SciKNTiwST 

Sulainian ’s interest in science dated from his 
student days, but like the late Sir Asulosli Mookerjee 
with whom he had much in commoti as regards 
temperament and tastes, he thought tlie educational 
line, as it existed in India in his student days, offered 
no field to an ambitious man who wanted to achieve 
distinction. But after he had reached the top of the 
ladder in his own profession, he made a determined 
effort to return to his first love. Hut like a sensible 
man that he was, he felt that lie was long out of 
touch with the active streams of scientific life and 
api>roached the pre.sent writer to recommend to him 
such young scholars in jihysics who could carry on 
intelligent discussions with him on scientific topics. 
The writer recommended to him Dr D. S. Kothari, 
and when the latter left for Delhi, ^Ir Ramiiivas Rai, 
lx)lh junior lecturers in the department of physics 
of Allahabad Univer.sity. He was fond of the com- 
j:aiiy of scholars and for every physicist and mathe- 
matician at Allahabad his doors were always open. 
For Dr Kothari he developed a genuine respect and 
affection and was instrumental in securing for him 
the readership in physics in Delhi University. 

I cannot resist the temptation of adding a few 
lines by way of pers^mal reminiscences. I have 
hardly come across five persons in this country who 
do not implicitly or explicitly believe in astrology 
or palmistry. Sulainian was one amongst these very 
few, and he had an uncanny way of disconcerting 
these pretenders. Let me give one or two instances 
heard from his own lips: vSome years ago one 
palmist appeared at Allahabad (I believe he was a 
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graduate and a practising lawyer somewhere in the 
inofiissil), began collecting palm impressions of the 
most eminent citi/.ens of Allahabad, and from these 
impressions, foretold their past, present, and future, 
their character, fate and so forth, lie impressed the 
people tremendously and was able to obtain an intro- 
duction to vSulaimaii. The latter readily agreed to 
give his palm impression, but requested the palmist 
to study the i)aliii impressions of some of his acquain- 
tances as well. To this the palmist readily agreed ; 
and in time came forward with his story of the study 
of all the impressions. He naturally thought that 
the impressions must have belonged to members of 
the family or some intimate friends of vSir Shah 
Sulaiman, and adjusted the story of his study of the 
impressions accordingly. One can fancy the ex- 
pression on his face when Dr Sulaiman revealed that 
the impressions were those of his butler, two domestic 
servants, and a sweeiier, and proved this by calling 
these jicrsons, and taking their palm impressions on 
the spot. 

On another occasion, an astrologer was going 
strtiiig, i)redicting the fortunes of well-known citizens 
of Allahabad. He .somehow got an introduction to 
Sir vShah Sulaiman who told him in plain language 
that he had no faith in predictions supposed to be 
made on astrological grounds, but was of opinion 
that whatever successes the astrologers claimed were 
based on intelligent guess-work, and the law of 
chance. To prove this, he challenged the astrologer 
to enter into a competition with him in predicting 
the names of the prospective-knights on the coming 
New Year’s day. The astrologer had no other 
alternative than to accept the challenge, and both his 
and Sulaiman’s predictions were put in sealed enve- 
lopes and deposited with a common friend. After the 
New Year’s honours were declared, the envelopes 
were opened, and it was found that the number of 
correct predictions were two more in Sulaiman’s list 
than in the astrologer’s. Dr Sulaiman had known 
that one of his colleagues on the Allahabad High 

Court was under orders of transfer to Lahore as 

• 

chief justice and .had guessed that he would be 
knighted on the New Year’s day. The other success 
he scored over the astrologer was due to purely 
shrewd guessing ; for the other names, only the law 
of chance was responsible. He thus demonstrated 
clearly the hollowness of the pretensions of 
astrologers. 

Scientific Work 

Sir vSulaiman tackled no ordinary problem in 
science but one of the most abstruse and fundamental 


problems of the present times, namely, the Theoiy 
of Relativity. His work has aroused widesi)rta(l 
comment^ sometimes not very friendly, and therefoa* 
an impassionate view can Ixj undertaken only after 
lapse of years. 

Newton’s law of gravitation which in conjunc- 
tion with the Galileo-Newtonian dynamics had 
achieved signal success in explaining the motion of 
the earth, of the m(X)n and the planets, and had 
helped in the discovery of new planets, was fouiul 
to fail only in one case ; it could not account for tin- 
motion of the perihelion of the orbit of Mcrciiiy 
amounting to 4.V' per century. For a long time this 
I>hcnomenon remained an unexplained puzzle and 
therefore when Einstein published in 1925 his 
generalised theory of Space, Time and Gravitation, 
and offered an explanation of this idietiomcnoii, it 
aroused widespread interest. At the time of the 
imblication of the theory, only the perihelion 
anomaly could be explained, l)ut Einstein made two 
other predictions viz., that the light when passiii.e 
near the disc of the sun would be deflected by i’-;.]" 
and secondly, light emitted on the suihicc 
of the sun would be shifted towards dhe red by an 
amount corresponding to a certain vehxMty of 
recession. These predictions were verified in the total 
solar eclipse expedition of 1910 ; and tlie theory of 
Generalised Relativity received official recognition 
from the .scientific world. 

TJie Generalised Theory of Relativity was tho 
logical continuation of a series of work .started hy 
Einstein in IQ05. The earlier thoughts are known 
technically as the Si)ecial Theory of Relativity. This 
dealt with electromagnetic phenomena, and were 
based upon two hypothe.sis: 

(1) Princii>le of constancy of the velocity of light 
measured in a moving and stationary medium. 

(2) Principle of invariance of physical laws. 

These two principles necessitated a far-reaching 

revolution in our concept of the three fimdaineiilul 
physical quantities of space, time, and mass. The 
old idea of “absolutism” had to he given up, and 
the quantities were found to vary with the state of 
motion or rest of the observer. Since the Galileo- 
Newtonian dynamics is based upon the conception of 
absolutism of these three fundamental iihysical (iiuni' 
titles, this had also to be given up and a new dynaiiiies 
had to be constructed. 

Amongst the deduction of this new dynamics \v;is 
the e(iui valence of mass and energy, and the vaiia- 
tion of mass with velocity. These deductions have 
received experimental confirmation, and in fact form 
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the cornerstone of the modern physics of the atom 
and the nucleus. 

The generalized theory was a continuation of 
these thoughts, applied to the pheiioiiieiion of gravi- 
tation. The premivSes of this theory were based upon 
the experimental work of the Hungarian physicist, 
Baron von Edtvds, on the etiuivaleiice of inertial 
and gravitational mass. The mathematical symlxdism 
required for expressing these thoughts was found in 
the very difficult Rieinann-Christoffel theory of four 
dimensional geometry. It is doubtful whether, in 
spite of more than a quarter of a century which has 
passed since the* first publication of tlie generalized 
theory, physicists and mathematicians have lx;en able 
fully to comprehend the theory or grasp all its coiise- 
([Ueiices, though the results of the sjK'cial theory are 
universally accepted. 

Sulaimaii was one of the doubting ^Thomases’ 
and it is well-known that ‘intelligent doubt* of 
accepted notions lead very often to more far-reaching 
results than easy and unintelligent compliance with 
authority and tradition. He never believed, as has 
been implied by some critics, in the Platonic ideal 
that truth t*an be arrived at by mere discussion, but 
held like all modern scientists that the ultimate test 
of ‘Truth’ must be found in the compari.son of the 
deductions of a theory with the actual facts of ol)Sei- 
vation. It is true that he did not fully realise 
the importance of the manifold services rendered by 
‘Relativity’ to modern physics, but he was sensible 

his imperfections in this line, and was trying to 
make up his deficiency by hard study and constant 
discussion with his younger friends. 

Sulaiman thought that Nfewtoiiian mechanics had 
not been correctly applied in the interpretation of 
astroiioniical phenomena for the assumption has all 
along Ixien made that gravitation is propagated with 
infinite velocity, while it is (|uite possible that it is 
propagated with a finite velocity, which he later 
identified with the velocity of light. The idea is 
not new, hut nobody appears to have worked it out. 

He pointed out that if the vel(x:ity was finite, 
this force between two bodies would lie different 
according as the bodies were at rest or in relative 
motion. Drawing an analogy from the aberration 
of light he slv)wcd that Newton’s eijuations would 
require a slight correction when the source is in 
motion. By the application of the principle of 
retarded potential to Newton’s law he deduced an 
eipiation which is identical with Einstein’s, as far 
as the planets of the solar system are concerned, 
provided the velocity of propagation of gravitation 


was assumed to l>e identical with llie velocity of light. 
Accordingly, he hail obtained the sjime value for 
the motion of the perihelion of Mercury as Einstein 
and could thus show that even Newtoniap mechanics 
was capable of accounting for this phenomenon. 
He further showed that this theory accounts for the 
changes in the eccentricity and increase of semi- 
major axes of the orbits of Venus, Mars, and the 
Earth, and for a decrease in the case of Mercury, 
wliich is ill accordance with Newcomb’s observation 
as admilled by I). R. Hamilton. Eiiither he offered an 
explanation of the observation that the eccentricities 
of relative orbits of double star comixments alxnit 
their primaries tend to increase with increasing 
lierimls of revolution. P'or this none of the existing 
theories offered any explanation. 

He also tackled the problem of the deviation of 
light coming from distant stars which hapjieii to be 
just beyond the edge of the sun at the time of a total 
solar eclipse. If we ascribe to light corpuscular 
nature and a mass which is eipial to the energy /c“, 
then the deflection can be calculated on the supposi- 
tion that the (luanliim of light is attracted according 
to the law^ of inverse s;|Uares. The deflection for a 
light ray which is grazing the disc is 'S; seconds by 
the Newtonian method, but Einstein’s value is just 
double, and this w as apparently verified in the eclipse 
expedition of igiq. But observatitms by a German 
expedition in the ecli])se of ig^y at Takeiigaoii, 
Sumatra, showed that the coincidence was not so 
good. In fact Kreiindlich deduced from these 
observations that the ratio was more nearly 2 5 than 2. 
Sulaiman got a value which, according to different 
assumptions might vary between 7/3 and <S/3 and is 
therefore more in agreement with Freundlich’s oliser- 
vatioiis. The result of the observations made by Prof. 
Michailov of Russia at the time of the rg^b eclipse 
has not been announced but vSulainiati received a 
private letter in which it was stated that his value 
was more nearly correct than Einstein’s. A full 
account of the present position was given by Sulaiman 
himself in “Sciknck and Cui/ruRK”.* Sulaiman 
was greatly interested* in this observation, had 
h'reiindlich’s paper translated at his own exi>ense to 
realise fully all its implications, and was even think- 
ing of organising a similar expedition of his own on 
the occasion of a future total solar eclipse. 

It is also found that lines in a spectrum of light 
coming from the sun are shifted slightly towards the 

• I'or details of SulaiininPs criticisin of the Theory of 
Rclativitv niul of exposition of his own theory, see 
Sciknck and Cvutukk, I. 444, 1935-3t>; 2, 344, 1936-37 ; 3, 155, 
I937-.38 and 5, .366, 601, 1^39-40. 
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red side of the spectrum, when compared with the 
spectral lines of similar atoms observed in a labora- 
tory. Newton’s theory is wholly unable to explain 
any such shift. By means of its postulates Einstein’s 
theory accounts for such shifting. But according to 
Relativity the spectral shift should be the same for 
light coming from all parts of the solar disc, whether 
from centre, circumference or any intermediate point. 
For some time past it has been observed that there 
is an excess of the shift for light coming from the 

edge of the sun ; but as this was unaccountable in 

Relativity it was ascribed to some utikiiown myste- 
rious cause. Sir Shah’s theory predicted that the 

shift for the light from the edge should really be 

alxmt double of lunstein’s value, and he published 
his prediction before the eclipse of 1936. At the time 
when he gave this result he was unaware that the 
result had been empirically deduced by the famous 
astrophysicist Dr Everslied who was at Kodaikanal 
in India. In fact, on the receipt of Sulaiman’s result 
Evershed himself drew his attention to his work. 
The Government of India financed an expedition, led 
by Dr T. Royds, of Kodaikanal, to Japan to ol>serve 
the total solar cclii)Se of that year. Dr Royds’ 
observations were announced in July, 1937. It was 
a remarkable coiFirmation of Sir Shah’s prediction 
that the extent of the spectral shift of light from the 
edge of the sun was actually found to be just double 
of Einstein’s value and for any point of the surface 
is given by the formula AA^ AA (1 + sin^a), a being 
the angular distance of the point 011 the sun’s disc 
from the centre. 

Besides these results which are Ixised on hypo- 
theses to which no sensible objection can be taken, 
and were obtained by rigorous mathematical methods. 
Dr Sulaiman has written alx)Ut gravitons, radions, 
nature of light, and of red shift of extra-gallactic 
Nebular lines. There is, I must admit a slight touch 
of Aristotelianism in all these works, in as much 
as assumption have been made of particles and laws* 
which have yet to respond to the physicists* identi- 
fication parade. But this seems to be a feature of 
the times. The experimentalist and the observing 
astronomers have gone far ahead of the theoretical 
man with their explorations, and have discovered new 
facts and phenomena which do not fit in with the 
established order. Such are the cosmic rays, the red 
shift of Nebular lines, the nuclear reactions etc. The 
theoretical physicist unable to keep pace, falls back 
oil speculations. Eddington counts the number of 
particles in. the Universe ; Dirac predicts anti- 


particles ; Milne gets all the equations of relativity 
dynamics, and (luantum physics out of his cosmo- 
logical principles, which in his hand act like a magi- 
cians’ hat. Dr Sulaiman has also invented radions, 
gravitons, and light particles executing screw- 
motion. What arc the values of these speculations? 
The answer is “Wait and See.’’ In spite of specta- 
cular advances in science and technology, those who 
are in the know of such attempts all feel that we 
are after all no better than Plato’s chained men in 
a cave, unable to form any picture tof the universe 
except from the shadows passing before us. If a 
keener mind sees in these shadows more than the 
ordinary mind, we can admire the ingenuity of such 
attempts, but surely cannot accept them until the 
predictions come within the range of reality. But al 
the same time, we cannot dismiss them as being 
merely speculative, for what intellectual progress has 
been possible without speculation? 

The a1x)ve brief sketch probably shows that the 
intellectual venture undertaken by Sulaiman was of 
no mean order. His earlier papers Were as some 
critics had observed no doubt somewhat “impetuous” 
in tone, and “amateurish” in nature. But with 
growing acquaintance of other people’s works, and 
opinions, the “scientist” in him was asserting more 
and more over the “lawyer”. 

It is indeed a great calamity for the country that 
a man like Sir Shah vSulaimaii, who shed his lustre 
in more than one sphere, would be snatched away 
all of a .sudden by the cruel hand of death. The loss 
is felt all the more by scholars all over India because 
Sulaiman unlike other men in high position eagerly 
sought their association and endeared hmself to all 
who came in contact with him. His high ofiice and 
reputation as a judge did not clothe him wdth osten- 
tatious Ixjarings. His genial personality coupled with 
his thirst for knowledge was a source of encourage- 
ment for many of our younger scientific workers. In 
Sir Shah Sulaiman, India has lost a brilliant and 
versatile mind and a person who as a jurist, scholar 
ad educationist touched no branch of knowledge or 
of service which he did not adorn. lie was one of 
the earliest subscribers to Science and Culture 
wrote several articles for our columns, and was an 
eager reader. As a fellow and later jiresident of the 
National Academy of Sciences of India for four years, 
he took more than usual interest in its proceedings, 
and very frequently helped the Academy liberally 
by monetary contributions from his own pocket. 

M. N. S. 
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New World Populations 

Prof. Raymond Pearl has made a comparative 
study of the statistics of the populations of the 
We.stcni Hemi.sphere in relation to corresponding^ 
%ures for the Old World and takin.e; certain bases of 
cc)inj)arison, such as den.sity of population, percent- 
age rate of growth, age composition and the like. The 
|)opulations of the New World, have in a biological 
sense the characteristics of a young and vigorous 
organism, as contrasted with those of the Old. The 
density of aggregation in Central America is 37 ])er- 
sons per sip .mile, in North America, 17 per si\. 
mile and in vSouth America 12 8 i)er sq. mile. In 
liurope it is i8o'5 per sq. mile and in Asia io8‘6 per 
square mile flJ. S. S. R. being omitted). A relatively 
low density of population implies a comparative free- 
dom of movement and expansion in settlement. The 
population of the New World is growing at a nmch 
faster rate than that of bhirope, a higher birth rate 
affording freer iilay for the forces of natural selection 
and the tn'oduction of a virile and healthy stock. The 
age composition of a i)()pulation is of vital importance 
as reflecting the mass outlook on life. Taking the 
life cycle as falling into three divisions the figureh 
for the Western Hemisphere are : pre-reproductive 
.V)'o per cent ; rciwoductive 50' 6 per cent ; post 
reiprodnctive 10 4 per cent ; for Kiiropc 27 'y per cent, 
52 per cent and 20' i tier cent respectively. The 
higher proi)orti()n of young people in the New Worlil 
are apt to display progressive and hopeful attitude 
and to be aggressive in social and economic 
|)ioiiceriug. 

Fluorescent Paints for Interior Lighting and 
Decoration 

New effects in interior dccoratioti by using 
fluorescent paiilts and ultra-violet lamps have l^eeii 
obtained in a Hollywood theatre. The whole of the 
walls and ceiling have been covered with suitable 
fluorescent paint and when the cinema pictures are 
shown the ultra-violet lamps are switched on. The 
auditorium then seems to be bathed in shadowlcss 
moonlight and the walls appear to have receded. The 


audience has the impression of sitting under a blue 
night sky. For interior decoration, recently a nnmlxjr 
of paints has been developed giving, completely the 
whole range of colours, and landscapes can be painted 
on walls with the help of these fluorescent materials 
which are obtainable either as solid paints or transpa- 
rent varnishes. White fluorescence can be obtained 
by applying two complementary colours, such as red 
and green, and at a distance from the surface the 
light mixes well to give an effect of white light, 'riie 
transparent varnishes are invisible in ordinary light 
and display their characteristic colours only in the 
l)reseiice of ultra-violet light. The new scheme of 
decoration has another advantage. As a result of the 
use of ultra-violet light, air sterilization is also com- 
bined with the decorative effects. 


Nazi Air Raid Damage 

The terrible loss of life and properly inflicted by 
the activities of the Nazi air arm during the last 
winter in flreat Britain is an inevitable coiiseijuciicc 
of warfare from the air. But the large-scale destruc- 
tion of museiuns, laboratories, liospilals, libraries and 
cathedral churches Ihrougliout Britain seems to l)e 
the result of a settled policy revealing the intention 
with which the Nazis have entered upon this war. 
Their aim is not to secure military or material advaii- 
lage alone, but at the same lime to strike a deliberate 
Mow at vital sources of spiritual and intellectual 
inspiration, nescripiioiis of damages done to insti- 
tutions for the advaiieemeiit of education, science or 
research by the Nazi air arm i>rovidc painful reading. 
In I/ondon which has been the storm centre of Nazi 
air raid the University college buildings have l)cen 
very seriously damaged and tlie library with alx>ul 
100,000 Ixioks has been destroyed. The King’s 
College was hit by a high explosive bomb and the 
Westfield College and the Birkbeck College have been 
seriously damaged by incendiary lx)mbs. The new 
I'.uildings of the vSehool of Oriental Studies and the 
buildings of the Ooldsmith’s College were also 
damaged and ]>artly wrecked. All the important 
medical schools in the metropolis, viz., St. Bartholo- 
mew’s, vSt. Thomas’s, Guy’s and London School of 
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Medicine foi wuineii and the Royal College of 
Surgeons were severely damaged. 

The Royal Observatory, Greenwich, has been 
damaged liy high exjdosive and incendiary Ixjnil^s. 
The revolving globe and observatory clock and parts 
of the telescope room were damaged but the objec- 
tives and mirrors *)f the principal telescopes and other 
valuable e(iuipments were dismounted and sent away 
for safety in the early days of the war. 

The library buildings, the new building housing 
the departments of botany and geology and the Bute 
Medical Buildings of the University of St. Andrews 
liave been seriously damaged. 

In Manchester the University and the College of 
Technology have sulTered damages. The buildings 
of the University of Liverpool have been extensively 
damaged and some of the lalKjralories destroyed. 

Lately the Nazis have made several attempts to 
destroy London by fire from the air. Though 
London has withstocnl its ordeal some irreparable 
damage lias been done. Guildliall has been com- 
pletely gulled ; eight Wren Churches have been 
wrecked, the house in Fleet vStreel where Dr Johnson 
compiled his dictionary has been burnt down. The 
British Museum was hit by a number of high explo- 
sive as well as incendiary bombs and considerable 
damage was done to the botanical (x)llections and in 
other parts of the museum. The work of salvage and 
reparation is in progress but time alone can show 
how far the damage sustained is irreparable. 


Giant Cyclotron at Berkeley 

Thr erection of the new t 84-inch cyclotron 
(4,c)oo tons) at Berkeley, California is nearing com- 
pletion. The cost of this aijparatus (Rs. 26,oo,<joo 
nearly; is being provided by the Rockefeller Founda- 
tion. The concrete bed for the steel magnet, contain- 
ing 1,200 ton.s of concrete has been completed. The 
erection of the steel work containing 3700 tons of 
steel is going on and will be finished very soon. ,^00 
tons of copper in the form of strips will be used for 
the windings. 'I'liis cyclotron will yield one hundred 
million electron volt deiilerons in a field of ro kilo- 
gauss. The development of cyclotrons within the 
last ten years has been amazing and reflects great 
credit on its distinguished inventor Professor E. O. 
Lawrence. vShortly after his a])pointinent as professor 
of ])hysics in the University of California at the age 
of 29, he erected the first cyclotron, a 4-inch instru- 
ment, ill i93<.). Then followed the erection of the 
.t7-inch (85-1* <n) and 60-inch (220-ton) cyclotrons at 
Berkeley and now a much larger one is nearing 


completion there. It is well known how the cyclotron 
has been extremely useful to physicists in recent years 
in their atom-smashing business. In fact the rapid 
lirogress in our knowledge of the inner structure of 
atoms and nuclei during the last ten years, would 
have been hardly possible but for this wonderful 
invention of Prof. Lawrence. 


Approach of Mars 

In 1939, planet Mars made one of its close.st 
approaches to the earth and this provided a favour- 
able o])portunity for close observation of the planet’s 
disc from southern latitudes. 

Dr IL C. Slipher of the Lowell Observatory 
during the summer of 1939, tcxik nearly 8,ocx) pholo- 
grai>hs of the planet from vSouth Africa. He has 
discussed the results of his observations in a recent 
issue of the Tclcsrofjc. The plates obtained show 
fine details. Dr vSlipher claims that his photograi)h^ 
lecord so many of the ‘caii.als’ and ‘oases’ in llu* 
positions and of the forms shown on I/iwell’s maps 
of the planet, that the reality of these markings must 
now be regarded as beyond doubt. 

• 

Dr vSlipher also points out that in iicme of lli/ 
I>hotographs the surface brightness of areas on llu 
two sides of the canals shows any visilde dilTereiice. 
This discounts the suggestion that the canals may 
be really nothing but divisions l>elweeii areas of im 
etjual shading. The observations of Dr Slijdier seem 
to Set at rest the long-drawn controversy regardiiiL' 
the reality of the Martian canals. The colour-filter 
photographs obtained by Dr vSlijiher suggests that 
the hazy north polar hood, which showed very rai)id 
day-to-day variations of form is atmospheric in origin; 
it precedes and accompanies the dei>osition of the 
more brilliant white polar cap, and may consist of 
fine ice spicules. 


Multiplying Books through Photography 

In the Library of Congress, Washington, there 
arc more than 6,000,000 books, pamphlets, some 
1,500,000 majis and charts, 1,400,000 volumes 
and pieces of music, over 500,000 etchings, engrav- 
ings, woodcuts, and other prints, to say notliing of a 
vast stock of I'nanuscripts — making it by far the 
largest collection in the world. Tile photographic 
duplication laboratory set up in 1938 with Rockefeller 
Foundation funds has made its resources available to 
writers, scholars and research workers in various 
fields throughout the world. In January, 193S, an 
appropriation of $35,000 was voted and with these 
resources has been installed the new laboratdi> 



May, 1941 


Notes and News 


651 


containing a remarkable array of cquiimienl, cameras 
.)f various sizes for photographing in microfilm, other 
cameras for photostatic reproduction, enlargers, pro- 
cessors, projectors—every thing necessary for a com- 
plete duplication service. There is a photostat 
machine in which the semsitized paper is exposed, 
printed, developed, fixed, washed, and dried in an 
unbroken sequence of Jiuloniatic operations. Another 
exceptional piece of equipment is a high speed micro- 
lUni camera with w'hich bound books can be photo- 
graphed page by^page. 

% 

There is a great demand for photoduplications 
of those books, documents, prints, and other excep- 
lional items whicli are rarely available outside, 
'riiousands of requests are received for photostats of 
ihe Declaration of Tiidependence, the Constitution, 
and the drafts of Lincoln’s Cietysburg address, (^nce 
an item has been photogra]died, the film is added to 
the stock and future orders are supidied from it. 
Reciuests come from all parts of the United States, 
iind from many foreign lands. The following figures 
will serve as an index to the growth of the service ; 
microfilm exposures during the year ending June, 
1037, 'vere t:s, 6/|3 ; during the year ending June 1940, 
tliey were 24*3, io(). Similar efforts for furtherance 
.)f Indie studies in the United States w'ere described 
in the article entitled ‘America and Indie Studies* on 
page 126 of the last September 1940 i.ssuc of this 
journal. 

The Library of Congress has received another 
Foundation grant for photoduplication, through the 
American Council of Learned Societies. Within 
ucL-nt months this Council c<miplcted a survey of 
tile needs of American scholarship that c.an Ihj met 
tlirough microfilm copies of books and documents, 
;aul its first choice fell on the indexes of the Public 
Record Office in London. These provide the key to 
eight hundred years of lirilish history. They give 
the dates, proper names and places, references to 
^‘liginal documents bearing upon practically all the 
great personalities of government, trade, industry, 
science, literature, art, and other pursuits. A 
Chaucer scholar wdll find here, for example, refc- 
iviices to all the official documents touching on the 
life of his hero — and so with researchers seeking data 
nhoiit Roger Bacon, Cromwell, Milton, Pitt, Isaac 
NVwton, and thousands of others. In order that 
microfilming of these irreplaceable indexes may be 
l»egun at once, the Foundation appropriated $30,000 
the Council in January. Plans are being made to 
have the microfilms brought to the United States as 
rapidly as they are comi>leted, to be deposited in the 
Lil>rary of Congress. Here they will not only serve 
fke .convenience of scholars in America, but will 
constitute a valuable insurance in case one of th« 


original files in London is destroyed through 
bombing. 


Sir Sarvapalli Radhakrishnan 

Sir Sarvapalli Radhakrishnan has resigned his 
professorship of the University of Calcutta to join 
his new i)Ost of Sir Sayaji Rao Professor of Indian 
Culture and Civilisation at Benares Hindu University 
and also to render whole-lime service to Benares 
Hindu University as its vice-chancellor. In addition 
to making scholarly contributions which have made 
him famous throughout the world as an exponent of 
Indian philosophy, Sir vSarvapalli has served Calcutta 
University in various capacities, as member of the 
syndicate, president of the post-graduate council of 
arts and as member of many important committees 
and delegations. In recognition of his scholarship 
and past services the syndicate of the Calciilla Uni- 
versity has decided to aiipoint him emeritus professor 
of the University. 

vSir Sarvapalli joined Calcutta University in 1921 
as a .successor to the late vSir Brajcndra Xalh Seal. 
During all these years he has made his mark not only 
as a great [diilosopher and scholar but has also served 
as an ainliassador of Indian culture in foreign 
countries. 


Annual Meeting of the Botanical Society of Bengal 

Tuk fifth annual general meeting of the Bota- 
nical Society of Bengal was held on the 22nd P'cb- 
ruary, 1941 at the Calcutta University Botanical 
Lalxjralory. The annual report, showed all round 
progress of the Scx:iety. The present number of 
members of the vScxriety is 114. 

The following were elected office-bearers and 
members of th'c Council for the year 1941-42. 

, President — Prof. S. P. Agharkar ; Vice-President 

-Prof. S. C. Mahalanobis, Dr ('i. P. Alajumdar, Mr 
S. N. Bal, Dr K. P. Biswas; Hony. Treasurer — Mr 
I. Banorji ; Members — Dr vS. R. Bose, Dr J. C. Sen 
Gupta, Mr J. C. Pal, Mr" M. B. Dulta, Mr M. L. 
Chakravarty, Dr N. K. Chalterjec, Mr K. A. R. 
Bancrji, Mr R. M. Diitta, Dr J. Chaudhuri ; Hony. 
Secretaries — Dr S. M. Sircar and Dr B. C. Kundu ; 
llony. Auditors — Mr J. C. Bancrji and J. B. 
Mukherji. 

An exhibition and a conversazione Nvere organised 
on the occasion, which showed a variety of interest- 
ing specimens. The list of exhibits included fossil 
plants, economic and horticultural plants, different 
strains ^ of rice and sorghum and their hybrids, 
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mulberry with reference to silk-worm rearing, marine 
algae, mycology and plant pathology, pteridophytes, 
gymnospcrms, cytology, different kind of vegetable 
fibres, medicinal plants and drugs, Himalayan plants, 
gymnospcrms, cytology, different kinds of vegetable 
parasitic seed plants, insectivorous plants and Bengal 
timbers and there were several experiments showing 
life processes in plants. 

Announcements 

Sir Ziaiiddin Ahmed has been elected vice- 
chancellor of Aligarh Muslim University. 


Sir Kunwar Maharaj Singh has been elected 
vice-chancellor of Lucknow University. 
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NYLON IN A PROTEIN 


Despite bombs and vast destruction in London, the editors of magazines i)ublished in that city still 
seem to have time to do a bit of original — humorous — thinking along scientific lines. So far as we know, 
no one in this country has pointed out the fact that nylon is a synthetic protein and tliat it, therefore, 
ai)i)roaches closely to a food made of coal, air, and water. The editors of Plastics (London) after discussing 
the economics of the newer factory made fibres, have this to say alxnit nylon : 

“Carothers and his remarkable team of co-workers in Du PoiiPs have produced the first synthetic 
protein. True, it is not in texture very much like the proteins we encounter in life, excei)t the skins 
and hornlike jiroteins, although it does resemble them all chemically. How much more would we thank 
l>r Carothers if he had devoted lhe*se years to producing a inotein that would be more digestible than 
his nylon, which is so tough and not readily attacked by the gastric juices. Think of having a dozen 
chemical factories here turning out tens of thousands of tons of juicy nylon, already treated with dozens 
of vitamins and doses of the appropriate salts, extruded into just the right size for making sandwiches. 
And, of course, the.se factories would turn out not only beef flavour, but ham, lamb, and egg flavours, too ! 
Think of the shipping we would save and how we could laugh at Hitler. This would be totalitarianism 
with a vengeance”. 


— Sc* rw ti fic A merica n . 
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Indian ChenWcal Manufacturers* Association 

The Indian Chemical Manufacturers’ Associa- 
tion came into being a couple of years ago. The 
latest report of the Committee for shows 

tliat membership has increased and its representative 
character has been recognised by the Government of 
India. In view of the unsatisfactory position of the 
chemical industry in India which has been laid bare 
(luring the present war, the important role of such 
an association need not be dilated upon. I'he report 
infer alia presents a lot of information about the 
industry and . reveals the difficulties facing the 
industry. The growth of chemical industry in this 
country has l^en unfortunately lopsided. Much 
spadework is* yet to be done, particularly on key 
chemicals, and we are glad to note that liesides the 
conimeicial aspects of the industry, vis., freight, 
excise, protection and other government concessions, 
the Association are alive to other basic requirements 
on their own sides. They are api)arently paying 
attention to exi)loring new lines of manufacture, and 
aie also anxious to initiate and utilise researches 
hearing on their manufacturing problems. It is un- 
hut iinate that sufficient collaboration from the 
central and provincial governments did not come 
forth as was desired. Their indifference, as aiipareiit 
in their replies to the various representations of the 
Association, is to be regretted. Let us hope that the 
solidarity of the Association will lx,* strengthened and 
the increasing volume of public support will be 
instrumental in removing the handicaps which are 
retarding at the present time the development of the 
industry. 

We have always stressed the imperative necessity 
«>f planning beforehand, whether for establishing new 
industries or for rehabilitating the existing ones. 

e hope that the members of the Association right 
from the primary stage will mould their policy as a 
wIkjIc and formulate co-ordinated plans, if necessary, 
i>y dividing work and sacrificing some of the mono- 
poly interests of individual manufacturers, in order 
h) ensure the general stability and smooth all-round 
development of the industry. It is encouraging 
to see tliat the- Association appreciate the imperative 
necessity of collaborating with the universities^ 


and other research institutions for work on 
specific problems. It is time that the Association 
created a body, say, a “Scientific Planning and 
Research Committee” representing the scientists of 
those institutions and themselves, wdio would survey 
the whole position of chemical industry in India and 
on the basis of this survey initiate and supervise 
lesearch at the universities in a planned manner for 
the benefit of the industry. Much material regarding 
the country’s needs and the present position of the 
industry has already been gathered by the Associa- 
tion and also by the chemicals subcommittee of the 
National Planning Committee, the Peiigal (hjvern- 
ment Industrial vSurvey Committee and the Board 
of Scientific and Industrial Research. It should not 
take much time therefore to pool this informa- 
tion and to start work on research schemes. Already 
a few far-sighted and enterprising firms are financing 
researches at the universities and this initiative 
should be greatly encouraged. A more rapid advance 
would be made if the Association as a whole would 
adopt this plan through a permanent scientific 
planning and research committee. 

• 

More Substitutes for Foreign Drugs 

More substitutes have been discovered for drugs 
formerly imported from liiigland. One of the.se is 
nikethamide, which has now been synthesised by an 
Indian firm. Another chemical (sodium taurogly- 
cocholate) used in bacteriological work has been 
nianufactured by a Calcutta firm, and a sample 
approved by a Government bacteriological laboratory. 
Soap-nuts are being tried by manufacturing depots 
as a substitute for quilla ^cortex, an imported item 
used in the manufacture * of liquor picis carbonas. 
Tolu, largely used in the manufacture of syrup tolu 
is now^ difficult to ol>tain and consequently experi- 
ments are being made to ascertain if tincture benzoin 
can replace tincture tolu, adding, if necessary, 
flavouring materials. 

Since the .stoppage of supplies enquiries have 
l)een directed into finding out substitutes of many 
imported drugs, and some have Vx:en already manu- 
factured too by the indigenous finns. Brief notices 
of these api)eared in the earlier issues of this journal. 
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Magnetic Chucks 

When thin piece of iron or steel has to be 
machined, the difficulty of holding the work comes 
out to bc.a serious problem. The jaws of a vice or 
of an ordinary lathe chuck fails to clamp it 
adequately. The difficulty has been solved by the 
use of a magnetic chuck which holds the work on its 
surface with sufficient strength so as to allow 
machining, scraping or grinding. The usual form of 
rectangular chuck for a machine bod consists of one 
or several electromagnets of the lifting type. When 
the current is switched on, the electromagnetic chuck 
holds the work to be machined, and as sc)on as the 
current is switched off the work is free. 

But an electromagnetic chuck on a lathe presents 
difficulties. Here the chuck has to spin unlike those 
fixed on a milling or a shaping machine l)ed. 
Further, the ever widening use of A.C. electricity 
in machine shop and production plants is a bar 
against the use of an electromagnetic chuck. A 
special alloy steel has been made for making perma- 
nent magnets of extraordinary holding power, which 
will solve the problem of lathe chucks. 

The special alloy steel contains aluminium, 
nickel, cobalt and iron and has Ix^en named *Alnico* 
after the names of its alloying metals. A magnet of 
this alloy can lift a load of about 1,500 times its own 
weight. 

The alloy was however originally intended to be 
a heat-resisting material, but its sul>sequent study of 
magnetic properties revealed its adaptability for 
making powerful permanent magnets. The magnetic 
properties of the alloy was first studied by Prof. T. 
Mishima of the Imperial University, Tokyo, and later 
the General Electric perfected the technique of heat 
treatment which improved the magtietic properties 
to a remarkable extent. 

It may however appear that when such a strong 
permanent magnet is used as a holding chuck, it 
would be difficult to get the piece freed from its 
clutch. But its holding power can be switched ‘on* 
or ‘off* by the half-turn of a handle attached to it*. 
This may be called the “flux-control”. A set of 
such strong permanent magnets are arranged inside 
the outer casing, the top surface of which has 
several strips of high-permeable iron spaced regularly 
When, again, the lever is turned to the “off** posi- 
tion, the set of magnets are brought just under the 
high permeable strips and the magnetic flux comes 
out copiously and holds the work placed on it. 
When, again, the lever is turned to the ‘'off” posi- 
tion, the array of magnets shift away under the non- 
magnetic portions of the top plate, and the work- 
piece does not receive as much of the magnetic flux. 
The work is thus set loose. 


Such non-electric magnetic chucks are available 
both in rectangular as well as circular forms, the 
latter for adapting on a lathe. All these chucks are 
perfectly sealed up so that the cooling fluid can ])e 
used safely over it. 

K. R. 


Paints from Indian Sources 

About a dozen paint factories are operating with 
indigenous raw materials on modem lines in India 
today. These are producing dry colours, paste 
paints, mixed paints, enamels, varuislics, and oils. 
Paints required for war purposes including anti- 
vesicant, camouflage, and fire-retarding paints are 
also being manufactured now. 

Research has been in progress to help Indian 
paint industry in many ways. In the laboratories of 
the Director of Scientific and Industrial Research has 
been developed a technique for manufacturing 
varnishes and paints from the Bhilawan nuts. The 
film is more flexible and resistant to shock than that 
given by any other product in the market. The 
Indian Institute of Science has completed research 
on the manufacture of pigmented lacqUers in powder 
form and the Department of Director of Development, 
Cuttack, for lacquers on w^ood. Bleached lac, an 
important article in the plate varnish and nitro- 
cellulose lac(iuer industries, and hard lac resin for 
the varnish and electrical indinstries have been pro- 
duced at the Indian Lac Research Institute. Pro- 
cesses of making varnishes from shellac and drying 
oils have also lx;en discovered and short notices alx)Ul 
these appeared in this journal. The College of 
Science in Nm^;pur, is making attempts to manu- 
facture white lead paint, as well as metal and woixl 
polishes. 

At the Aliporc Test House have been developed 
luminous paints from Indian ores and from calcium, 
stiontium and barium sulphides at fairly cheap prices. 
These locally prepared luminous paints after Ixing 
exposed for a few minutes to light begin to glow 
again and continue to glow for several hours. 
Luminous paints, may gradually replace neon signs 
used in advertising and in theatres. 

India’s Mineral Resources 

In an article contributed by Sir Lewis Leigh 
Fermor to the Asiatic Review (October, 1940) 
has shown how India* s mineral industries ha\c 
expanded since the last war and reviewed the mineral 
ability of India which may be helpful in the present 
.crisis. India’s most important war minerals arc coal, 
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manganese-ore, mica, iron-ore, copper-ore, chromite, 
and bauxite ; and of all these, except copper- 
ore, India can make a substantial contribution to the 
common effort outside India. On the other hand, 
in respect of copper India is able to make a contribu- 
tion by undertaking the smelting of imported blister 
copper. Apart from the manufacture of pig-iron and 
steel in the country, India could eajiily export large 
(|uantities of high-grade iron-ore should the need 
arise, whilst the exports of pig-iron to Britain could 
1)C enhanced. Sir I^cwis observes that India’s bauxite 
deposits arc of considerable extent and high quality. 
If Germany* could increase her output of aluminium 
from i8*q thousand tons in 1935 to 165*6 thousand 
Ions in 1958, it should be made possible for India to 
jiroduce this essential metal and the cheap electric 
energy needed for it near the deposits in Bihar, 
Orissa, Central Provinces and Boml')ay should lx* 
made easily and early available. 

The total average annual value of the war 
minerals has increased from ^19,677,647 in 1914-1918 
lo /j 2,807,611 in 1934-38, whilst the total value of 
all minerals has increa.sed from ^9,860,185 to 
/h3,(x^9i844 in the siune periods. Comparing the 
production of the two periods mineral by mineral, 
with the exception of gold, .saltpetre, tungsten-ore 
and corundum, increases are shown by every mineral, 
often of very great extent. Specially noteworthy 
are the increases in the output of petroleum from 
an annual average of 7*3 million gallons to an 
average of 74 million gallons, due to the development 
of the Digboi field in Ast;am and to the success 
recently achieved in the Punjab ; mica, from some 
50,000 cwts. to some 177,000 cwts. ; copper-ore from 
S,oo^j to 339,000 tons due to the smelting by the 
Indian Copper Corporation in Singlibhum ; the 
enormous increase in the output of iron-ore from 
some 400,000 to nearly 2j4 million tons, mainly to 
meet tlic needs of the Tata Iron and Steel Company 
and the Indian Iron and Steel Company for the pro- 
duction of pig-iron and steel ; the appearance of 
India as the world’s largest producer of ilmenite* ; 
and, finally, the substantial increases in the output 
of chromite, refractory materials, magnesite, and 
bauxite. The considerable increase in the production 
of coal from t 8 to 24 million tons, though less than 
\\hat had in some quarters l^een predicted, is yet 
substantial, and is part .of a secular process due to 
expanding industry, the most important factor being 
the iron and stjel industry, with its great consump- 
tion of coke manufactured from coal. 

* It is derived from beach sands in Travancore and 
largely used in white paints. It is also useful for the 
> Manufacture of certain ferro-alloys and of titanium carbide, 
superhard cutting agent. 


Industrial Research at Bangalore 

At the Indian Institute of vScience, Bangalore, 
certain applied research .schemes of direct value to 
industries have been taken up and it is .understocxl 
that some particular war needs suggested !)y the 
Supply Department are being given special promi- 
nence. The following are the research .schemes in 
progress : — 

1. Investigations on phosphatic manures from 

the phosphatic nodules of Trichiiiopoly 
and fiom the bones in the My. sore State ; 

2. Use of gypsum for the manufacture of 

ammonium sulphate by reaction with 
ammonia and carbon dioxi<le ; 

3. Manufacture of urea and formaldehyde 

reciniied for the i)rLi)jiratioii of synthetic 
plastic materials like hakclite and 
medical stores ; 

4. Manufacture of activated carbon for use in 

gas masks ; 

5. Manufacture of abrasives like carborundum 

and moulded graphite electrodes from 
carbon and ])uri float ion of natural 
graphite ; 

6. Manufacture of con(ien.ser.s and resistances 

which can Ik* used as components of 
radio .sets ; 

7. Manufacture of drugs and allied substances 

• and their pharmacological testing, 

needed for the army of India. 

One of the lecturers of the Institute Dr K. R. 
Krishna.swami, is engaged in putting up a factory 
at Belagola for the Mysore Goveriiment which is 
expected to produce two tons of bichromate per day. 
The furnace for this manufacture was designed and 
•the whole factory fabricated bKally on the basis of 
investigations carried out in the Institute. 

The question of supidying technical information 
to industrialists has been recognised by the joint- 
committee of the Court and the Council of the 
Institute to be of major inii)ortance. Through the 
efforts of the Council and the director, an increase 
of funds of the Institute from the current official 
year of about Rs. 40,000 has been secured. It is 
understood that an information bureau will be 
shortly started which will collect useful material for 
the industrialists. 



Utilisation of Water Hyacinth 
In the Manufacture of Paper and Pressed Boards 

M. A. Azam 

Industrial Reaarch Laboratory, 

Department oj Industries, Bengal, Calcutta 


Watkk hyacinth (Eichliornia crassipcs) is a 
tropical poleiulcriaceoiis flofUiiiR atiiiatic plant 
having spikes of large blue flowers and roundish 
leaves with inflated bladder like petioles/** 

Prior to its invasion in Bengal, it existed in 
Brazil, United States of America, Bolivia, Siam, 
Cochin, China, Java and Burma. It became a 
set ions pest in some of the rivers of Florida. It was 
in 1896 that the weed w'as first seen amongst the 
displays of the Royal Botanic Garden, Sibpur. The 
beautiful blossoms of the hyacinth attracted some 
men of aristocracy and aesthetic scuise, who grudged 
not any exorbitant payment to own a few curious 
samples. By the end of 1905, the pernicious growth 
was no longer rare in the suburbs of Calcutta. In 
1906, George Morgan ,C.I.E., carried six plants from 
Calcutta to Narayanganj (Dacca). Some elites of 
Tippera and Mymensingh had in the same way 
courted this evil and by the end of the last Great 
War, the growth assumed quite an alarming iiuigni- 
tude. A special officer was, later on, appointed by 
the Government of Bengal, wdio in his report 
mentions of a serious infection of 4,269 s(|. miles in 
10 badly affected districts of the province. Agricul- 
turists meanwhile had been faced with a menace in 
the terrible aggression of the plant, the manual 
clearing of which, to protect their cultivated idots 
of land, called for a growing burden of tedious labour., 
Gradually the task practically exceeded all bounds of 
feasibility. A chemical warfare against the plant was 
next tried with arsenic, sulphuric acid or other 
destructive chemicals but without any good result. 

The first notable attempt to utilise the plant was 
made by the Department of Agriculture, Bengal, 
which established an experimental station during the 
last war period to extract potaSvSium chloride from it. 

’•’Webster — Nciv International Diclionaty. It is however 
curious to note that there is no mention of this weed in 
tile Chamber’s Dictionary, The New Oxford Dictionary, The 
bhicyclopaedi.i liritaiinica, The ncngali Kncyclopaedia 
(yiswakosha) or Watt’s Dictionary of Commercial Products 
of India. 


Owing to a very bad interference of silicious and 
other earthly matters with ash the attempt did not 
prove fruitful from an economic point of view ami 
the venture was therefore discontinued. 

Subsecpiently, a wealth of information regarding 
the constitution of the plant w'as furnished and sys- 
tematic work undertaken for exploiting this dreadful 
nuisance as a source of some commercial products. 
The plant was investigated for the purpose of 
obtaining its KCl content (alx)ut 9 per cent on the 
dried plant) and to obtain information .regarding it-, 
use as a source of fermentable sugars for power 
alcohol. Acetylation experiments yielded a triacetate 
crystallizablc from chloroform. The air-dried fibre 
was treated at different temperatures with varion.s 
concentrations of IICl and H^vSC)., and the hydrolysis 
lu'oducts were tested for reducing sugars. The best 
results W’ere obtained by treatment of fibre willi 
4'5 per cent. H2SO4 to remove pentose and a second 
2*25 per cent, acid hydrolysis gives a reducing sugar 
which is nearly all fermentable. Studies in bacterial 
fermentation of the plant show 33 per cent, cellulose 
decomposition (the percentage of total cellulose on 
the air-dried plant is 42*23). 

The high percentage of KCl in the plant led one 
of the authors to formulate a scheme for mamihictur- 
ing the chemical on a large scale but the idea wai> 
unfavourably criticised by the contemporary piiblij 
and the press. The main point of objection was that 
the enterprise W'ould rather be !\ venture for perpe- 
tuation of the weed than for its eradication which 
latter w^as really the country’s immediate need. 
Moreover, the speculation was not based on very 
sound commercial considerations. At any rate, the 
investigations, in spite of their highly scientific and 
educative character could not make any substantial 
contribution to the problem of such utilisations of the 

♦Studies in the ligno-ccllulose group— an investigation 
into the constituents of water hyacinth {Etchhornia crassipi’i>} 
by Hemendra K. Sen, Patit P. Pal and Sindhu B. Ghtwh. 
four. Ind. Chem. Soc., 6, 673-90, 1929 
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plant as gradually and effectively lead to its 

eradication. 

The growing anxiety of the Oovernnient then 
sought relief from the reconiiiieiidation of a special 
coininittee with late vSir J. C. Bose as chairman. The 
ffndings of the committee regarding the most feasible 
means of figliting the scourge were as interesting 
as they were simple. We were told at last to root 
out the plant and throw them away, by the hand. 

In April rg^U), a “water hyacinth week** was 
inaugurated by the Government of Bengal. Volun- 
tary manual labour was invited to the cause of its 
eradication and a grant of Rs. .^7,000/- was made 
by the Government for harnessing such lalwur from 
amongst those who are more or less directly affected 
by the scourge. It is estimated that, at i)resent, 
this pest of the plant besides degrading the general 
sanitary atmosphere of the province is responsible 
for such a colossal wastage as 10 crores of rupees 
annually in outimt of crojis. 

Irately, the author of this communication has 
been doing some experiments to make a comparative 
study of various fibres as pulp for paper^manufacture. 
Naturally attention was drawn to this much talked 
of weed. 'I'he work in this case was approached 
from the very start, with the share of the country’s 
anxiety for an easy means of its eradication as well 
as the lingering optimism of the scientist for a simple 
mode of converting the aquatic growth into a com- 
mercial commodity. It is noteworthy, however, that 
previous workers have not recommended the use of 
hyacinth for paper making mainly on account of its 
poor yield of celhdosc. But it has been confirmed 
by repeated experiments that the percentage of 
cellulose on the air-dried plant is 40 — 50 which is 
by no means small. Of course the percentage, if 
calculated on the green i)lant comes down much 
lower (2.15%) but that is, the author believes, no 
justification for discarding such a widely and abun- 
dantly distributed source of raw material. When any 
amount of it may be available free of cost almost 
everywhere in Bengal and the drying of the plant does* 
not entail any appreciable cost of energy, the <iuantity 
of fibrous yield is certainly commensurate with a 
serious inve.stigatioii into tjie fea.sibility of its com- 
mercial application in paper industry, particularly in 
the manufacture of hand-made paper which can be 
easily followed locally in the villages of Bengal. The 
idea is, primarily and fundamentally, to add some 
fascination and self-inducement to voluntary lalx)ur 
for eradicating the weed from one's neighbourhocxl. 

The weights and linear dimensions of water 
hyacinth vary considerably in different samples.* We 

• vSamplcs of water liyacintli used in these investigations 

were collected from the suburbs of Calcutta. 


have, however, found the following typical propor- 
tions of the different parts of the plant, green and 
dry. 

Tabi.k I. 

Percentage of weight Percentage of length 
on the 7vholc plant. on the whole plant 



Green. 

Dry. ^ 

Green. 

Dry. 

Leaf 

... 391 

15*9 

24- 1 

19-9 

Stem 

... 35-4 

40-2 

65-5 

72-7 

Root 

... 25-5 

43-9 

10-4 

74 


Total weight of a large size green plant 455 gm. (1 Ih. 
approx.). * 

Total length of a large size green plant 107 tail. (42' 
approx.). 

Maximum girth of a large size green plant 2-0 cm. (I" 
approx.). 


PKEPAk.\Tl()N OF PUbP 

Water hyacinth is worked into pulp for paper- 
making very easily and inactically without any cost 
of alkali or fuel. The alkali present in the ashf of 
the idant itself may be used in digesting liquor. 

Even prolonged boiling with water ’alone followed 
by some mechanical trampling i>roduces gt)od pulp. In 
this respect it affords distinct advantages over baiib 
boo, jute or sabai grass which retpiire rather a drastic 
treatment, mechanical or chemical. Mechanically, tlic 
hyacinth works easier and (juicker than iiapcr cutliiig.s, 
and chemically, than ordinary paddy straw. Again, 
as the long and healthy stems are better suited than 
the whole plant for the purpose of paper making, llic 
thoroughly dried roots, leaves and a lot of the inferior 
grade of the plant may be used as fuel.* The whole 
ash Ixjing collected, washed thoroughly with water, 
the wash water may lx? utilised in the subsequent 
charge of boiling — thii.s completing a self-supporting 
cycle of manufacture which, we think, is of sufficienl 
interest and of extraordinary .simplicity to command 
a pojmlar ai)peal. 

10 gins, of air-dried stems of water hyacinth were 
cut into small jiieces, washed clean and l)oiled in 
500 c.c. of water in a conical flask fitted with an 
ordinary reflux condenser. vSimilar experiments were 
repeated with an emulsion of slaked lime or solutions 
of wasliing soda, caustic soda or the wash water from 
the hyacinth ash. On cooling, the supernatant liquid 

t The pcTceiilagc of ulkali cartKinate in hyacinth adi 
is known to vary from 1-5 to 9% anil thus coinpar.ihle in 
richness to some alkali .sands in India aftd Hurina. 

* We had a good deal of trouble in getting a gooil lire 
from the inferior plants and rejects. The calorific valiu* 
(7700 B. Th. P — Determination of H. K. vSeii ami liis coll.i- 
lx)rators— 7owr. I mi. Chem. Soc., 6 , 673-90, 1929) was in yin- 
favour. Bui out attempts to harness the same were at fir.si 
very badly an.swered by clouds of suffocating smoke. Gra- 
dually, by practice and manipulation, things came to order 
A small proi)ortion of cowdung cakes or wood fuel to suppk- 
mcjjt them greatly improved the quality of fire. 
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or the sediment of lime etc., was carefully removed 
and the material pasted in a mortar. The yield of 
jiaper producing pulp was calculated after washing 
and drying the fibres completely. 

TAUI.K II. 


Digesting medium. * 


Water 

r!o Kimilsion of Oi (Oil ) 2 ... 
1% solution of NiijCOj ’ ... 
\ Rmiilsioii of a mixture of 
Ca(OH).i and Na^CO., in 
eciuimoleciilar pnjporiioiis 

()-5% NaOH 

0-25% „ 

0-125% „ 

Wash water from hvaeiiith 
ash (3° Tw. at 66^i\) ... 


I'circiilage-f of 


Time of 
boiling. 

paper making 

fibre on the ‘uu'igltl 
of dry material 


used. 



,S hours 

6(i-5 

2 „ 

es 

2 

45 

2 

4.1-5 

2 n 

35 

2 .. 

44 

2 

45 

3 .. 

43 


Attempts u'cre first made to use pulp from the 
whole plant for paper making, but this greatly 
degrades the (puility of produce. The dried leaves 
heiiig comparatively brittle, and the roots rather dark 
and stiff, tlie^ paper from such pulp becomes dirty, 
hrittle and gritty owing to unc(|ual tension of fibres 
.'ind interference of silicious particles. , 


M.tKlNf; OF P.\PKR StIKKTS 

The pulp from the stents of the plant gives the 
iiKJSt satisfactory results. The wonderful potency and 
luxuriance of the notorious growth w.as expected to 
leave some characteristics in the fibres and curiously 
t-iioiigh they showed some distinct iieculiaritics. The 
libres are very fine as their microphotograiths in rela- 
lioii to those of jute, cotton and straw have clearly 
indicated. This accounts for a close cementation of 
tliL fibres in formation of paper sheets so that the 
/ud/), without incorporation of any sizing material like 
losin or alum produces a certain quality of paper 
which is quite strong and does not at all soak ink. 
file common sources of raw material for paper making 
cannot however, do without 'size* to ensure strength 
ur resistance to water. The bleached pulp produces 
hcautiful white translucent sheets up to a certain thin- 
ness which being exceeded brings in a brownish 
ai)i»earance. This paper has a high natural glaze and 
remarkable pouver of water resistance. Although 
such sheets afford good writing surfaces and do not 
•‘»oak ink in the least, the translucent character does 

t This does not represent the percentage of pure cellu- 
but only the quality of pulp available for paper making. 
. • Even then,* this required a more vigorous grinding to 
give* a comparable consistency. 


not however recommend their classification with 
ordinary writing pai)er. To a great extent they 
resemble oil paper and might be used as wrapping 
or poster papers. 

Attempts to reduce this drawback were next made 
by introducing a small percentage (8 to ro%) of jute 
or cotton fibres in admixture calculated on the weight 
of dry hyacinth used. This greatly improved the 
colour and opacity but made the paper non-rcsistiug 
to water in proportion to such adulterations. This, 
however, is much minimised by making the adulterat- 
ing pulp finer, so that the finally prepared mixture 
is of a homogenous consistency for all practical pur- 
poses. The proportion of size reciuired is then con- 
siderably reduced. The finished paper shows good 
strength, appearance and smoothness and may be used 
for writing purposes. 

Pulp (wet) from 2 lbs. of air-dried stems prepared 
by boiling tlieni in an iron pan with waste water 
(3° Tw at room temp) of the hyacinth ash, was 
bleached with coninicrcial bleaching powder (’ j oz.), 
thoroughly washed and then mixed with jute pulp 
(from 2j'i oz. dry jute). ^4 0z. rosin soap and an 
etiuivalent ijuantity of alum taken separately into 
clear solution with water were successively mixed 
with pulp. This was then put into a large (piautity 
of water in a small galvanised iron tank, stirred witli 
a stick so that a thin suspensoid was formed from 
which sheets of paper were lifted by means of a l.)rass 
sieve and placed flat on table. Each sheet was covered 
with a piece of muslin of a slightly larger area and 
when the tank was practically exhausted of pulp the 
heap of paper was i>rcssed under an ordinary flat 
screw .press which siiucezed out water and imparted 
better texture to the sheets by compression. They 
were then dried in the sun and lightly polished. 

The weight of pai)er collected — 13 oz. (approx.). 

Number of paper (foolscap size) — 37 sheets.* 

Eighty lbs. (about a iiiaund) of dry water hyacinth 
w’ill give nearly 30 lbs. of stem which will require :• * 

* 8 oz. bleaching powder costing about Rs. 0-0-fi 

36 oz. jute** „ „ „ 0-1-6 

8 oz. rosin soap ,, ,, ,, o-i-o 

4 oz. alum • ,, ,, ,, o-T-o 

Rs. 0-4-0 


and produce one ream or 20 quires of foolscap size 
paper valued at Rs. 2-8-0 only. An average agricul- 

♦ In actual practice, 148 sheets of quarter foolscap size 
were lifted. 

For this purpose waste jnte easily availal)le in the 
villages are best suited. Wc however put a nominal price 
against the item. 
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turist family coiisistiiif? of 3 male members each 
working for half an hour daily can easily eradicate 
15 maiinds of the green weed. During the six dry 
months of the year it is possible to collect 140 maunds 
of the dried plants. If only one quarter of this qiian- 
tity he converted into paper it will give a return of 
Rs. 80/- per annum, which amount will surely give 
some relief to the poor i)easants. Hy selling the 
finished goods as envelopes and writing pads etc., 
the output value may almost l)e doubled. The equip- 
ment essential for producing such paper will hardly 
cost more than Rs. 25/- and the idle hours of the 
cultivator family will amply provide for the necessary 
lalx)ur. 


Prk.ssei) Boards and Timjs 

The pulf) from water hyacinth w’as next tried 
in the production of pressed boards with still better 
results, and, in fact, it is believed that this can be 
easily commercialised and even feed the machines 
thus providing the most effective eradication of this 
scourge. The author has used a pressure of 2 tons 
per sq. inch in a small hydratilic i)ress. The un- 
Ideached pulp without admixture of any other filler 
or binding material such as china clay, gum, glue or 
starch make very tough Iwards which have l>een 
found to l)e far superior to ordinary straw boards in 
strength and resistance to water. In fact, purely 
hyacinth boards of thickness J's" — resemble the 
modern ‘masonite’ articles wdiich at the present day 
are widely used for indoor partitions etc., and hold 
a considerable market. The bleached pulp gives white 
samples of boards. In this case, a small i)erocntage 
of finely ground jute stalk (10%) and a little propor- 
tion (4 to 6%) of waste paper pulp arc admixed w’ith 
it to obtain optimum results. Asbestos wool (5%) 
has also been tried as filler for better samples with 
satisfactory results. 

Water hyacinth jmlp has been successfully em- 
ployed in papier mac he for the production of artifi- 
cial surfaces or simple mouldable sheets. The authors 
imitated twig surfaces in making fancy walking sticks 
by applying a coat of hyacinth pulp on a bamboo 
stick. The degree of adltesion was remarkably high 
as also the uniformity and flexible nature of the coat- 
ing, which on keeping does not show any ai)prcciable 
loosening or crack. A few' lampshade designs worked 
out of hyacinth pulp was also intere.sting and 
attractive. 

Last !)ut not the least important is the utilization 
of hyacinth in making tiles. A quantity of pulp is 
first thoroughly kneaded with a proportion of cement 
and whiting and worked out in moulds as in the case 
of bricks. The tiles are baked in the sun. The com- 


position may also be pigmented. The fibrous inter- 
ference greatly enhances the tensile strength of tlu 
tile and reduces the weight of the product to n 
considerable extent. Although the author has not ycl 
completed these experiments and cannot definilcl\ 
specify any commercial use for the new tiles, they 
do undoubtedly hold out bright prospects of useful 
applications. Besides the above exploitation water 
hyacinth can be put to other uses. 


DaTKRCnCNT PROPKRTIES 

On account of the high alkali content the asli 
from the hyacinth has been found to possess good 
detergent proj^erties. Soils recommended by tlu* 
American Society of Detergent Chemists were used 
in the experiments.* The villagers can thus save a 
considerable fraction of their expense for soda or 
soai) by taking advantage of this simple, profitable 
and practical utilisation of this plant. 

Koddkr 1‘OR CvTTr.K 

The green plants .arc increasingly used l)y the 
‘goalas’ and carters of Calcutta as foikler for caltU-. 
It has been gathered from experienced ‘goalas’ tli il 
the fodder increases the i)ercentage of cattle’s milk 
by 30 to 40% but the (piality gets impaired owing to 
an increase in the percentage of water in milk. The 
dried i)lant, on the other hand, does neither increase 
the quantity of milk, nor degrade its quality. 'I'he 
author has tested the latter as fodder with success. 
Put it requires a bit of tutoring. When once habi- 
tuated it becomes a favourite f(X)d with the cattle so 
much .so that the author had to lose a g;ood (juantity 
of his collection of dried plants from the invasion of 
an accustomed buffalo. 


A Manuring Plant 

The presence of in.soluble calcium j)hosi)hate in 
the plant favours the speculation of utilizing it as 
manure. Attemi)ts for rendering the (juantity avail- 
able for assimilation have not, so far, been seriously 
made, thus leaving out a task for our agricultural 
chemists. 

Conclusion 

Thus, the agriculturist who has a growing con- 
cern and dread for this pest may switch on a part ol 

• A standard soil is composed of 2 gms. lamp, hlarw . 
5 gms. lubricating oil, 3 gms. tallow, and 2 litre ogrl»' ” 
tetrachloride. 
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his idle hours daily to its eradication with a view to 
utilising the plants in one way or the other. The 
more ambitious of his class may try to earn directly 
from this hated scourge by producing pajicr and 
pressed boards etc., while others may at least use it 
as a detergent, fodder or manure and thus make a 
little saving out of their normal exi>enditure, however 
meagre it may be. 

The most important feature about such utilisa- 
tions is that the practice of removing the plants for 
certain mse will be continued with great zeal till 
the extinction of* the species. A recovery of the tre- 
mendous wastage of lo crores of rupees in annual 
output of crops will lie no small acquisition to our 
jKKjr jirovince and the clearance of the waterways 
will certainly make a healthier Bengal. The people 
will be very little beiicfitted by one ‘water hyacinth 
week’ however successfully observed if the once 
cleared areas l>e not made ininiune from further infec- 
tion by some simple and iiractical means such as have 
l)een shown in the foregoing pages. 


Summary 

Water hy^acinth is a serioas menace to agriculture 
and has affected severely the health and sanitation 
of Bengal. It is resiionsible, according to recent esti- 
mates, for a substantial fall in agricultural revenue 
of the province and an alarmingly high mortality 


from malaria and other ei)idemic maladies, particu- 
larly in rural Bengal. 

This evil, apparently without any redeeihing 
feature or helpful use, has been successfully utilised 
by the author as a raw material for manufacturing 
wrapping paper, writing pai)er, i)ressed boards and 
articles resembling the modern ‘masonite’ products, 
pap>ier maclie for producing artificial surfaces or 
simple mouldable sheets. A self-siipi)orting process of 
preparing pulp from the hyacinth has been worked 
out and the process may be followed on a cottage 
scale in the villages of Bengal as it does not involve 
any considerable outlay of capital or elalxirate 
establishment. 

The dried plant has also been found to be useful 
as fo<lder for cattle an<l its ashes possess good deter- 
gent properties. 

The object of the present investigation has been 
mainly to find out some practical methods of utilisa- 
tion of the plant, which could .at the same time pro- 
vide an incentive to those who are directly affected 
by the scourge, for the eradication of the plant on a 
larger scale than is ordinarily attemi>ted at.* 

* In coiiiKrlioii with tin's work tlu* fiiithr>r^is specially 
indebted to Mr S. C. .Mitlcr, Director of Industries, Beiignl, 
and Dr A. Karim, Deputy Director of Iiulustries, Dengal, 
for their kind encouragement and valuable suggestions. 
lUit for their helpful guidance the work would not have 
been completed. 
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Blood Transfusion 

R^FKRRiNG lo the article on Blood Transfusion 
in this section in the April, 1941 issue of this journal, 
Sir Upeiidranath Brahinachari has kindly drawn our 
attention to the fact that there is a properly organised 
blood transfusion service in Calcutta. This service is 
conducted under two heads, one under the imperial 
serologist, and the second under the style of the 
‘Blood Bank*. The 'Blood Bank* in Calcutta is run 
by the Bengal branch of Red Cross Society under 
the chairinauship of Sir Upcndraiiath, and is the 
first of its kind in India. It stores blood after proper 
testing and classification into groups for immediate 
supply to those who may not get suitable donors in 
time of emergency. It also keeps a register of donors 
properly classified and acts as a liaison between the 
hospitals and the public, and the military, when 
rcciuisitioned. A detailed account of this work was 
pulilished in the past fifth volume of the journal on 
l)age 233. Similar service is reported from Bombay 
under the Bombay branch of Red Cross Society. 


Vitamin A from Fish Liver Oils 

Tiik first record of the high vitamin- A potency 
of some Indian fish liver oils was made by Guha and 
co-vvx>rkers in 1933, who reported that some of these 
oils were many times more potent than cod liver oil 
and a few of them had almost half the activity of 
halibut liver oil, which is the richest liver oil so 
far known. Investigations which have since been 
carried out in various parts of India have confinned 
these observations. Shark liver oil is Jiovv l^ing 
commercially produced and sold by the Madras 
Government. Work on the vitamin A of fish liver 
oils is continuing at Calcutta University, Dacca 
University and All-India Institute of Hygiene and 
Public Health. It has been found that 'Mir*" and 
“Beai** fish liver oil have a vitamin- A content nearly 
half of that in halibut liver oil, while that of certain 
samples of "D/iafn** and ”Shole** liver oils is nearly 
e(iual that of halibut oil. It is hoped that the com- 
mercial exploitation of the richer oils will shortly 
begin in this country. 


School Health Work in the Punjab 

r 

School health work can play an important pail 
in promoting welfare of the community by 
socialising the outlook of the children and by pro- 
viding them with opportunities for active participa- 
tion in health work. In this connection the lead 
given by the educational authorities in the Punjab 
may be quoted as an example deserving adoption in 
other parts of India. In 1925 and 1926 district coin- 
inuuity councils were established at the hcaihiuarters 
of each district in the province with the district 
inspector of schools, in the majority of cases, as the 
secretary. Another innovation was tliat community 
work was introduced as part of the course at the 
training schools for vernacular teachers, The vilhigt' 
.schoolmaster can play an important part in rural 
development. His intelligent co-operation is neces- 
sary not only for securing the gixidwill and confidence 
of the people when new and unfamiliar ideas aiv 
presented to them, but also for instilling in the minds 
of the rising generation certain elementary principles 
regarding health, agriculture and co-operation v\liicli 
are all essential for develoi)ing community life on 
proper lines. The training course for pupil-teachers 
includes these subjects and special emphasis is laid 
on the practical api)lication of the principles that iu\ 
taught. They are taught to organise among them- 
selves and manage on their own initiative supply 
societies, thrift societies and Red Cross societies. 
They are taught elementary hygienic principles and 
aiv. required to carry out, with their own hands, such 
works as the cleansing of streets, removal of vegeta- 
tion from choked drains and di.sposal of manure and 
street sweepings in pits. They are also taught simple 
facts relating to the cxmtrol of infectious disease, im- 
l)roveinent of housing conditions and methods 
health education. In consequence of these changes 
in the curriculum in training schools for teachers, it 
is stated that the pupils of rural schools are taking 
an active part in health work and iii other measures 
designed for the welfare of the people. During 
epidemics, they assist by active ]iropaganda in the 
carrying out of preventive measures such as chloriiui- 
tion of wells, vaccination against small-pox and in- 
oculation against other diseases. They also take part 
in the distribution of quinine during epidemics of 
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malaria and in intensive cleanliness campaigns in the 
villages situated close to their schools. Apart from 
the direct benefit that accrues to the community from 
these activities, the possibilities arising out of the 
training, that awakens in these children the desire to 
serve the community, cannot be over-emphasised. 


Supplementary Milk Diet in School Children 

The Chief Medical Officer of Delhi reports certain 
results with milk as a supplement to the diet of 
children. He concludes that the addition of one 
pound of whole milk to the diet of the child has a 
j)rofound effect on his health and growth, that half a 
])oimd of whole inilk, while not productive of striking 
results, produces appreciable benefit and can there- 
fore lie recommended for wide adoption and that a 
pound of skimmed milk appears to have approxi- 
mately the same effect as half a pound of whole milk. 
The price of half a pound of pasteurised milk is only 
0 pies, while a pound of skimmed milk similarly 
treated costs one anna, indicating therefore that 
whole milk shbuld he preferred on economic grounds. 


Protected Water-Supply in India 

The Indian Public Health Commissioner’s 
Report for the year 1938 is resix)nsible for the state- 
ment that, in that year, the municipalities of British 
India spent 2S'9 per cent, of their revenue on public 
health activities, of which 74’ 2 per cent, was spent 
on conservancy, water-supply and drainage, while the 
corresponding figures for the district boards (t.c., 
rural areas) were 7*2 per cent, and 25*4 cent, 
lesjiectively. 

The miiiiniuin requirements for sanitation in 
villages may be stated to l)e the provision of a safe 
water-supply adequately protected against contamina- 
tion, drains to remove sullagc from the inhabited 
area and a satisfactory system of night soil and 
refuse disposal. The provision of protected water- 
supi)ly is a reasonable criterion by which the level 
of sanitary improvement attained by a conuuuiiity 
can be judged. In 1938, ig’6 per cent, of a total 
numl)er of 1,229 towns of all sizes, i)ossessed a pro- 
tected water-supply, the proportion varying between 
f) per cent, in U. P. to 83 per cent, in Delhi. In 
Bengal, only 2‘S million people out of 50 millions 
enjoyed the benefits of a protected water-supply. In 
tural areas the position is hopelessly inadequate. 
Compare this with England where 7/8ths of the rural 
population are provided with a piped water supply 
yiid with U. S A. where most rural areas with a 
population of 1000 enjoy that amenity. 


Vitamin C and Tuberculosis 

Skvisrai, observers have reported that patients 
suffering from tuberculosis are unsalurated with 
vitamin C. (Hassel!)ach, Klin. W’chnsclir, 16, 472, 
IQ37; Heise ft al, Hrit. J. Tuhcrc., j/, 23, 1937; 
vSebok et al, Tuherculosi, No. 12, 1937 ; Trautvvein, 
Udiz. z. Klin. d. Tuberk., gi, 411, 1938; Bauer el 
(il, lidlz. z. Klin. d. Tuberk, gi , 262, i93«S ; Martin 
el al, Amcr. Jour. Dige.si. Ihs l"" NuirUion, 4, 36S, 
>037 ; Abbasy et al. Lancet, 2, r/ji3, 1936 ; Bauerjee 
cl al, Nature, 14$, 706, 1^40; Banerjee et al, Ann. 
lUchem. ExpU. Med., 1, 27, 1940). The cause of 
un saturation in tuberculosis may be due to the com- 
bined effects of the diminished intake of vitamin C 
with the food, increa.sed destruction of the vitamin 
hy the disea.se and elimiiiati(m of tlie vitamin in the 
urine in a combined form. Tile role of vitamiii C in 
tuberculosis has been studied liy various workers. 
Fetter (Ijincet, 57, 22, 1937) and Sande {Klin. 

\Vchn.^cltr., ly, 1745, 1938) are of opinion that vita- 
min C with gold therapy reduces 4 he tendency to 
form haemorrhages. Trantwein (loc. cit.) treated 
tubercular patients with intravenous injections of 
vilamin C, 200 mg. a day, until the patients were 
saturated with vitamin C. He observed remarkable 
iinproveineut in the condition of his paliciils as mani- 
fested by gain in weight, fall in teiiiperatuie, decrease 
in red cell sedimentation rate and a favourable blood 
picture. Heise et al {loc. cit.), however, observed no 
clinical improvement after treatment with vitamin C 
in tubercular patients. Bauer et al {loc. cit.) arc of 
opinion that the action of vitamin C in tul:)erculosis 
is not specific but it only improves the general con- 
dition. Svveany el at {J. A. M. A., iib, 469, 1941) 
have studied extensively the role of vitamin C in 
tuberculosis. They have estimated the vitamin C 
content of the whole body in normal persons and in 
persons suffering from tuberculosis. Vilamin C 
content of the normal young adult human body 
varies from 3 to 6 g. In active tuberculosis the total 
quantity of vitamin C may be less than 300 mg. even 
,on a fair vitamin C intake. In advanced disease, 
tissues like muscle, fat, bone and skin loose nearly 
all their reserve of vitaniiu C while the bulk is retain- 
ed in the vital tissues like brain, liver, hypophysis, 
adrenals, gonads, pancrea's and spleen. They have 
also studied the effect of administration of (i) an 
orange flavoured preparation containing synthetic 
vitamin C, (2) orange juice containing the equivalent 
amount of vitamin C and (3) a synthetic orange 
flavoured preparation without viUimin C, in three 
groups of patients. After six months they deserved 
that of 31 patients in the vitamin group (No. 1) 
23 remained alive. In the orange group 23 Remain ^d 
to the end out of a total of 33 patients, whereas, in 
the control group out of 34 patients 14 remained to 
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the end. This shows beneficial action of vitamin C 
in prolonRing the life of the treated patients. The 
patients in the clifTereiit ftroiii)s who survived after 
six months, however, showed little change roentgen i- 
cally between the composite figures (.'f the different 
groups. The weight gain or loss in the different 
groups revealed a similarity of all three groups. A 
favourable haeinatinic effect in the treated patients 
were observed. 

S. B. 


Combined Artificial Fever Chemotherapy 
in Gonorrhoea 

vSKViiR.\i. workers have observed the usefulness 
of artificial fever therapy in the treatment of 
gonorrhoea (Kieriiian el al, Am. J. Mtd. Set., igi, 
55, 1936; Desiardins cl al, J. A. M. A., in6, bgo, 
1936 ; Owens, J. A. M. A., laj, 1942, 1936 ; Huniis- 
ton, . 1 m. J. Syph. Conor, (jf I'cn. Pis., 21, 554, 1937; 
Warren cl al, J.^A. M. A., tog, 1430, 1937 1 Parsons 
ct al, J. A. M. A., jOQ, 18, 1937 J Schnabelet cl al, 


Am. J. Syph. Conor. & Ven. Dis., 22, 39, 1938 ; 
Kendell el al, Am. J. Surg., 24, 428, 1935). Since 
the discovery of the sulphanilamide group of drugs 
which has revolutionised the treatment of gonococcal 
and other infections, the artificial fever therapy has 
hardly been in use nowadays. A few cases of chemo- 
thera|)y-fast strains of the gonococcus have been re- 
ported (W^estphal ci al, J. Bad., 39, 47, 1940 ; 

Herrold ct al, Am. J. Syph. Conor. & Ven. Dis., 22, 
705, 1938). Kendell d al (/. A, M. A., 116, 357, 
1941) studied the effect of combined artificial fever 
chemotherapy in 83 patients suffering«from gonococcal 
infections resistant to chemotheraiiy. Of ‘the patients 
resistant or intolerant to chemotherapy receiving 
fever therapy alone, 62’5 per cent were cured follow- 
ing a single ten-luair treatment at io6^P\ A single 
ten-hour artificial fev’cr thera])y, combined with the 
administration of adecpiate sulphanilamide for eighteen 
hours prior to the fever treatment, cured all the 
patients in a group of thirty one patients resistant to 
chemotherapy. 

S. B. 


Social Aspects of Malaria 

G. COVELL 

Director, Malaria Institute of India, Delhi. 


is so familiar a disease to most people 
who live in India that they regard it as one of the 
ordinary features of everyday life. It is seldom that 
the average individual realises what a i)rofound in- 
fluence this disease exercises as a dominant factor 
of human existence over a very large proportion of 
the world’s surface. This is partly due to the* 
absence of the dramatic element in the case of 
malaria and partly to its low ca.se mortality, as com- 
j)ared, for in.stance, with that in cholera, small-pox 
or plague. Yet the total deaths from these three 
diseases combined represent only a fraction of the 
mortality caused by malaria in India every year. 

Although the case mortality from malaria is pro- 
bably less than one per cent., it has been estimated 
that in this country the disease is directly responsible 
for more than one million deaths per annum in a 
normal year, while in years when great regional 
epidemics oc-.ur, this figure may be greatly exceeded. 
In the great epidemic which swept over Northern 


India in 1908, there were 250,000 deaths from 
malaria in the Punjab, and io,ocx> in the city of 
Amrit.sar alone. Apart from the deaths directly 
attributable to malaria, the lowered resistance of the 
body resulting from repeated attacks renders the 
vicilms more vulnerable to infection by other 
diseases, such as tuberculosis or pneumonia, and it 
has been estimated that these indirect effect of 
malaria are responsible for a further one million 
deaths i)er annum. In certain instances, the ravages 
of malaria have l>een so overwhelming that whole 
tracts of fertile country have been abandoned or 
have remained undeveloped. 

It has been said that malaria Was an important 
contributory cause of the decay of certain ancient 
civilizations, including those of Greece and Rome, aiul 
this is probably true to some extent, although there 
are so many other factors to be considered that it 
is difficult to evaluate the extent to which the disease 
may have operated in these cases. 
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In the past, it has soiiietinics ))eeii asserted tliat 
malaria exerts an important influence on the birth- 
rate. A recent paper by Gill (1Q40) has, however, 
shown that, apart from a temporary decrease as the 
result of some reduction in the numixjr of conce])- 
tions occiirrins at the height of an epidemic, there 
is no aiipreciable effect on the birth-rate as the result 
of malaria, frill concludes that there is little fear 
that a reduction of malarial incidence as the result 
of control measures would aggravate the evils of 
over population. 

Whatever may be .said regarding the influence 
of malaria on the numbers of the population, how 
ever, there can be no doubt whatsoever regarding 
the baneful effects of the dise.ase u|K)n tlie general 
health and economic conditions of the community. 
This subject has been discussed in great detail in a 
remarkable scries of articles by »Siuton (1035-36). 
“Apart from its action upon the body, anyone wh<i 
has .suffered from malaria or who has observed closely 
ca.ses of this disease cannot fail to ha\e noticed its 
effects upon the mentality of the sufferer. Mental 
activity is dulled, irritability is the rule, initiative 
is lacking, decisions are put off or reached with 
difficulty, ambition is lost, and de))ression is a pro- 
iiiineiit symptom. While such mental states may 
only be of temporary duration in patients who are 
liable to obtain proper treatment, it is different among 
tile large proportion of the population in malarious 
areas of India, where few jiersons ever got such 
adefiuate trealment. One has only to visit a highly 
malarious village t(j see these mental symptoms 
em])ha.si/.cd and multiplied manifold.” Sinton goes 
on to point out that whilst such mental states in the 
adult may not be of very great importance as 
a factor in the causation of economic loss in the case 
of unskilled lal)our, it is otherwise with regard to 
skilled work, for not only is the (piantity of .such 
work diminished, but its quality also deteriorates. 
“Where large sums of money and great responsibility 
may depend upon the initiative, upon the formula- 
lion of a definite and considered policy and upon 
rapid and expert deci.sion, the results of such an uii- 
1 ala need mental state may be productive of serious 
consequences, financially and otherwi.se. It must also 
be remembered that, apart from the sickness of the 
worker himself, his stale of mental anxiety may be 
determined by serious illness caused by malaria 
among the members of his family.” 

Observers in the U. S. A. and in South Africa 
have studied the effects of malaria ui)on the child 
!>opulation of those countries, and in both ca.ses the 
diisease has been shown to be responsible for the 
backward condition of the school children living in 
nialarious localities. A child who has suffered from 


a series of fever attacks in his early life, is not likely 
to obtain the benefit from the school curricula which 
is derived by his healthier class-mates. Apart from 
this, there is the interference with attgiulances at 
.school owing to malaria attacks to be considered. 

Jones (1909) has pointed out that mental la.ssilude 
brought alxmt by the disease tends to become fixed 
in later life. “The dwellers in malarious regions, 
consciously or unconsciously recognising the peril, 
tend to avoid toil, either of mind or lx>dy, if it be 
so violent that an attack of fever may be expected 
to follow. In time the impulse l.)ecoines stereotyped 
as a habit, and so lazine.ss and lack of enterprise are 
marked characteristics of these unfortunate people. 
Kach generation, as it is born, is subjected, not 
only to the same physical surroundings as were its 
l>arents, but also tr) an unhealthy moral atmosphere.” 

The economic effect of malaria on industry is 
well recognised by employers of labour in this 
country, and a great improvement in health has re- 
.siille<l from the adoption of anti-malaria measures in 
many parts of India, notably in the case of tea 
estates in Assam, Xorlhern Bengal and Southern 
India. Business men are cjuick to realize the economic 
loss due to this disease, but it is sometimes difficult 
to persuade muiiicipalilies that it will actually i)ay 
them to spend money on anti-malaria measures. 
When, however, the loss in wages, the dislocation of 
work, the cost of i)roviding hospitals and medical 
Ireatment for the sick are taken into account, the 
re.sulting total is likely to reach .startling proportions. 
In Bombay, for instance, it was calculated in 1928, 
that the average annual loss to the community on 
account of malaria amounted to at least Rs. 50 lakhs 
(Coveil, 1 028). 

Whilst it is sometimes po.ssible to induce local 
liealth authorities provide funds immediately after 
the evil effects of malaria have been demoiistralerl 
to them by the occurrence of a virulent epidemic, it 
is often difficult to i)ersuadc them to continue these 
measures, after the epidemic has subsidc<l. It is 
• natural that when the incidence of the disease falls, 
there should be a tendency to cut down expenditure 
on anti-malaria measures, particularly in times of 
financial stringency. Tltpre are many instances on 
record where the very success .of anti-malaria cam- 
paigns, by removing the stimulus to action, has led 
to the reduction of exi)ciiditnre on control measures 
lo a level at which the scheme can no longer operate 
effectively, resulting in a disastrous recrudescence of 
the disease. 

The ravages of malaria exert a profound effect 
cn agriculture in all countries where the disease is 
endemic, and in India in particular the welfare of 
the people is dependent in great measure on 
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aj^ricultiiral prosperity. As has been already stated, 
there are many examples where it has been im- 
possi!>le to develop tracts of fertile country solely on 
account of the widespread prevalence of malaria in 
its most ^vere form. For instance, in the Terai 
area of the United Provinces, the Ooveriiment has 
for many years attempted to colonize the country 
with immigrants without success. Another area 
where .similar conditions prevail, is the notorious 
JeyiKire Hill tract, formerly in l\radras Presidency 
and now included in the province of Orissa. Agri- 
cultural development has been likewise retarded in 
parts of the Central Provinces, Bengal and Madras, 
whilst the activities of the tea, coffee, rubber and 
other plantations in many parts of India have been 
seriou.sly ham])ered by the excessive amount of sick- 
ness firevalent among lalx)ur forces on the estates. 

]\.roreover, in considering the effects of imdaria 
on agriculture, there are other aspects to be con- 
sidered iK'sides the general diminution in efficiency 
and output of labour. Chief among these are the 
facts that the season of maximum malarial prevalence 
may fall at a time when lalxiur is most nccde<l for 
])lanting, cultivating or harvesting, and that a large 
turnover of labour is a very serious factor in many 
agricultural undertakings. 

Tn addition to its serious effect on agriculture, 
malaria has frcfiuetitly gravely hampered important 
engineering operations in India. A striking instance 
f f this is the case of the Raipur-Vizianagram section 
of the Bengal-Nagpur Railway, the construction of 
which was delayed for forty years because the in- 
cidence of malaria among the survey parties was so 
intense that the first three were unable to complete 
their task, whilst the fourth succeeded only when 
every post in the party was duplicated. Other 


instances where important enterprises have been 
seriously hampered are afforded by the epidemics of 
malaria which impeded the construction of the 
Alexandria Docks in Bombay and the Sarda Canal 
head works in the United Provinces. Malaria has also 
formed a grave obstacle to the development of mining.' 
indiivStries in many areas in India, which are fre- 
quently situated in foothill areas where malaria of a 
particularly virulent nature is commonly present. 
There are al.«o many in.staiures in which the disease- 
has hindered communications and transport by thV 
amount of .sickness produced among the personnel 
employed on railways and in dockyards. 

The profound effects of malaria on the socinl 
life of the community and of the individual are 
clearly manifest from the a!)Ove brief review. Tlie 
community, as a whole, has a reduced earning aiul 
productive power. The market value of land in 
malarious areas is lowered. The recruitment of 
lalwiir is difficult, the rjuality of the work is deficient 
and the output lowered, often at a time when it is 
most urgently reiiuired. Industrial enterprises are 
hami>cred by epidemics of malaria ^among laboiir 
forces. The standard of education is lowered by llic 
absence of children from school on account of sick- 
ness, whilst the effects of repeated attacks (;f nialari j 
tend to produce a mental lassitude which frctiuently 
exerts a permanent effect on the life of the individual. 
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BOOK REVIEW 


Insect Pests of, Burma— by C. C. CjHosit (Siiperin- 
tendentt Govcrumetit Printing and Stationery, 
Burma, Rangoon, 1940). Pp. i, ii+ 1-216 and 
Index i-xv. Rs. 7/8/- or ns. ^d. 

The title of the work is somewhat misleading, 
as in addition to insect pests other animal pests 
such as grubs, ticks, mice and rats are included 
in this work— though this is explained in the 
rntroductioii, it would have been better if some 
name similar to that of T. B. Fletcher’s “Some 
vSouth Indian Insects and other Animals of Import- 
ance considered especially from an econotnic point 
of view” had been adopted. The work is planned 
on befroy’s well-known work, Indian InsccI Lije, 
published in '1909, and as the author siiys, most of 
tile coloured illustrations reproduced in the work 
are taken from befroy’s work, the Enlomolofrical 
Memoirs of the Imperial Department of Agriculture, 
Piisa, and the Proceedings of the 2nd-5th Ento- 
mological Meetings. 

• 

The work is divided into two main parts. In 
llie first part general facts about insect life and pests, 
food and feeding, habitat, life cycle, hibernation and 
aestivation, Ixjhaviour of insects, clasvsifi cation, how 
insects affect man, enemies of insects and means of 
protection against them, lx*ncficial animals and 
insects, prevention and control of damage by insects, 
api dication of insecticides, biological control, etc., 
are briefly dealt with in some 42 pages. In the 
second part the pests arc classified according to the 
plants on which they arc finind. These include 
pests of all important crops, vegetables, garden 
plants, plantation crops, fruit trees, palms, and 
finally pests in houses and stores. In each case a 
general description and a coloured or halftone illus- 
tration of the pest is published, and measures for 
dealing with the pest are also outlined. A glossary 

‘>f the Burmese terms is appended at the end. 

• 

The work should be useful for the general 
I>uhlic of Burma who have very little knowledge 
idiout insects, and the large number of illustrations 
should prove of special value in this connection. 


The sine-quanon for the control of insect pests is 
a knowledge of the various species and their life 
histories, not only by the entomologivSts but also by 
the general public. It is hoped that this work will 
play an important part in bringing home to the 
Burmese public the importance of insects in the 
economy of life, and enable them to distinguish at 
least some of the move destructive species. 

B. P. 


Statistical Calculations for Beginners -by E. G 

CitAMBKRS, Assistant Director of Research in 
Industrial Psychology, Cami>ridge. Published by 
Cambridge University Press, 1940. Pp. viii + 
no. Price 7s. 6d. net. 

The small volume is intended for students with- 
out mathematical equipment, who have to perform 
calculations involved in the ordinary statistical 
methods. The few chapters are devoted to averages, 
dispersion, normal distribution, significance of mean 
and difference between means, correlation, regression 
and goodness of fit, etc. The aim of the author has 
been to acfpiaint his readers with the uses atid appli- 
cations of the common statistical methods for the 
examination of data collected from different branches 
of science. Only that much of theoretical asj^ccts of 
the subject has been iuclmh'd as would enable the 
readers to understand the implication of the various 
methods described. The procedure followed by the 
^author in jiroviding worked out examples illustrating 
each method and abundant similar exercises to be 
independently worked out will prove to be useful to 
those who have to examine statistically similar data. 
The book may be recommended as one which will 
teach the student not only how to make use of the 
commoner methods of statistics but also will give 
them .some understanding of the specific purpose of 
each statistical method he learns to use and of the 
scope of and the assumptions underlying the use of 
such methods. 


S. D. 





Leti’ers to the Editor 

[The editors arc not reslyonsible for the views expressed in the letters,] 


Vernalization of Rice 

A i)reliiin 7 iary iiivcsti.i»alion was dcsiRiied to 
study the efTecl of vernalizing rice seeds in different 
teinperalures. A highland J/t.v variety, Dhairal, was 
gcriuinated in pelrydishes at 2g*5°C with 55 — 60% 
water per dry weight to ensure just the enicrgence of 
the einhryo. The gerniinated seeds were vernalized in 
different sets to one of the following tenipcratiires : — 
oOti^C (V,. V,). ii°C±iQC (V„ V,), 2C/5°C± 
i'5®C (V;,, V'fi) for 15 and 10 days respectively. 
Water was sprayed with an atomiser according to 
requirement to keep Iheiii in normal condition. Con- 
siderable care was taken to avoid infections. 

vSeeds of these six treatments with a control set 
all in eciual stage of germination were sown in 
earthenware pots. A weekly count of tillers, 
measurement of plant height, and the nutnlxir of 
leaves including the topmost mature leaf were taken ; 
the date of emergence of ears, and finally the dry 
weight of grains were also noted. So far as the 
number of tillers are concerned a ])eculiarity obse*tved 
was the i)r()ducti()n of a large number of sterile 
tillers in V, set. The ])erceiitagc of fertile to total 
tillers in V, is 2S'o5‘Xi as compared with the 
control of 43'o4%. Vernalization at ii°C (V3, V4) 
was definitely detrimental to tiller production for Iwffh 
the treatments, 'fhe rate of growth in height and 
the numlier of mature leaves on the main tiller varied 
in different treatments from time to time insigni- 
ficantly. 

The average time of ear emergence, total number 
of ears and the average dry .weight of grains in gins, 
are given in the table with the liase- Control ^O, 

Regarding average time of ear emergence the 
different treatments responded in the order of V*; 
V,,; V3; Vai V d Vii C, the range of stati.stical insig- 
nificance is denoted by bars above or below. In V* 
the emergence was practically over when it began 
in the control. 'I'he average total number of cars 
were in the order of V., ; Vr ; C ; V3 ; V4 ; V2 ; V i ; 
and the yield of grains V., ; Vr ; C ; Vi ; Vj ; V3 ; 
V4. The yield of grains were thus detrimental on 


exposures Ix)th at o°C and ii°C whereas the exposure 
at 2Q‘5^C for both 15 and 10 days tended towards 
improvement. This leads one to conclude that verna- 
lization at 29‘5°C leads to improvement so far as earli- 
ness is concerned without any loss in yield. 

Control - O 


Trcalineiits. 

.\vi*ragt* 
time of ear 
emergence. 

'Hital num- 
ber of ears. 

Dry wt. of 
grains 
ill gills. 


15 days (V,) 

001 

-1-53 • 

-3-36 


10 days (V,) 

2-56 

- 1-.33 

-408 

ll“C 

15<lays (V 3 ) 

4-71 

-100 

1 ' 2 H 

HOC 

-10 days (V,) 

010 

-1-33 

1-78 

^•50C 

- 15 day.s (VJ 

1206 

+ 1-67 

• +2-4r) 

29'50C 

-lOday.s (VJ 

-•13 

-j-a-50 

+ l-f)l 


The experiment was undertaken as in certain 
parts of Bengal, considerable rice crop of Aus paddy 
is damaged due to the incidence of early flood, sub- 
merging the whole crop when it is al)out to ripe. 
Since there is no strain in the existing Aus varieties 
whose life jieriod is less than 90 days, an approach 
to the problem may be sought in reducing the life 
period of the existing high yielding early strains by 
the technique of vernalization. Though the results 
obtained in this exi)eriment are not exhaustive 
enough for any definite conclusion, yet it shows that 
rice responds to the treatments of vernalization and 
the Ix^neficial effect is to Ixj sought by vernalizing 
at higher temperatures. 

» 

S. Hedayetullah 
Nirad Kumar vSen 

Botanical Section, 

Central Agricultural Experimental Station, 

Dacca, 14-3-1941. 
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Letters to the Editor 


A New Type of Polynuclear Metal Complex 


Various types of polynuclear metal complexes 
with two or more central atoms of one and the same 
metal, bridged together by one, two or three co- 
ordinating groups, are described in literature ; but 
the formation of a polynuclear complex with two 
different central atoms is till now l)elievcd to be 
improbable, if not altogether impossible. 

It was already shown by one of us^ that in 
chromium or ,cobaltic trisbiguanidine one of the 
amino groups of each of the co-ordinated biguanide 
molecule remains free for further co-ordination, 
whereas both the primary and secondary valencies 
of the tervalcnt metal atom are completely saturated 
as in an inner metallic comvdex. 


NH 


Nlia 




1/3 Me 


\ 




Nil 


N=c/ 

I 

NH, 


'riiis makes the chromic or coballic trisbiguanidine 
Ivhave as an organic amine, combining with water 
and acids to form hydroxides and sjilts. 


We have recently found that cobaltic or 
chromium trisbiguanidinium hydroxide reacts with 
mercuric chloride to form compounds of the infusible 
leliiic prccipitalc type : 


NIT 


NHo 




1/3 Me* 


\ 




XT! 


N- 


/ 

=C Nil HgCl 


Similarly cobaltic trisbiguanidiiiium hydroxide • 
gives with silver nitrate an insoluble precipitate of the 
following structure : 

NH 

1/3 Co" >NH 

— = -:^ C NH, Ar OH 


This latter may be regarded as a polynuclear 
complex with two different centrol atoms, Co and 
Ag, in one and the same molecule ; the bridge 
between the- two atoms in this ca.se is supplied not 
by a single co-ordinating group, but by a part of a 


molecule. The c«>-ordination numl)er of silver here 
is, as usual, two, 

P. Ray 
S. JJiddhanta 

Inorganic Chemistry laboratory, 

I'liiversity College of Science, 

Calcutta, 3 1 -.^-19/1 1. 


' Ray and Saha, Jour. Imi. Chciu. Soc., 14, G70, 1937 


Submerged Forest in Calcutta 

vSeveral trunks of trees have been recently 
excavated from a depth of nearly 30 feet from the 
surface (below the ui)per peat-layer of Calcutta soil), 
in the eastern extensions of the Dhaknria lake in 
Calcutta. They were found erect in siiu with 
portions of the basal roots still intact. The po.sition 
of these stumps as well as several otliers excavated 
in other parts of the lake, thiring similar excavation 
work in the past*, affords unmistakable evidence of 
the sul>sidence of an extensive forest which once 
existed in this area. The forest has iK'en gradually 
buried underground, by the slow and gradual silting 
up of an area that was once the delta of the Ganges. 

Jt is estimated, that this gradual process of 
silling up must have approximately taken al^out 2000 
years. 



Pliotij of an fxcavaled trunk in situ. 

X shows llu* trunk. 

The plants arc identified as Ucrilicra Fames 
Buck ( = H. minor Lain)* commonly known in 
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Bengali as Sundri, frotn which the name of the 
Sundribaiis forest is derived and which grow in 
abundance on the muddy flats of the Ganges delta. 

They are now distributed throughout the 
reserved forests of the Sundribaiis (Khulna- Bagerhat 
forests), along the Chittagong tidal tracts and in the 
tidal forests of Burma and form the characteristic 
vegetation of the littoral forests. 

The range of occurrence of these trees is from 
2 to about lo feet below the high water mark. They 
grow in mud and their roots (pneiimatophores) are ex- 
posed to the air for at least several hours after each 
tide. 

With the kind jierniission of the chairman of 
the Calcutta Improvement Trust, these submerged 
underground tree trunks are now being investigated 
by me. 

Previous records of such occurrence are by 
Blanford^ who mentions the occurrence of Sundri in 
situ at a depth of 30 ft. from an excavated lank at 
vScaldah. 

Gldham* records the occurrence of Ucriliera 
UUoralis Dry, in similar boring operations conducted 
in Fort William. This species, however, does not 
occur® at present in the Sundribaiis, but is restricted 
to the delta forests of Burma, west coast of India 
and the sea coasts of the Andamans. 

The occurrence of several other plants** from 
the peat-soil round about Calcutta, along with the 
Sundri furnishes us with a very interesting history of 
the palaeo-geography of the city of Calcutta and 
its suburbs. • 

A. K. Ghosh 

Botanical Laboratory, 

Calcutta University, 

Calcutta, 7-3-194 1. 

’ Pox, Mem. Geo. Sur. hid., LVIII, 1931. 

“ Pearson and Brown — Commercial Timbers of India, 
1937. 

“ Blaiiford, Jour. As. Soc., Bengal, XXXIII, 1865. 

* Oldliam, Manual of the Geology of India, 1893. 

" Prain, Rec. Bot. Sur. hid., 2, 5, 1903. 

• Hooker, Himalayan Journdis, 1854. 


Voltage Gain of Low Frequency Amplifiers 
with Negative Resistance 

The total voltage gain of low frequency valve 
amplifiers is often found to be sensibly less****® than 
the value calculated from the associated circuit and 


tube constants. A close analysis of the circuit of a 
resistance-capacity coupled amplifier has shown that 
the attenuation of the voltage transferred from one 
stage to the other is mainly due to the various inter- 
valve coupling components. It has been found that 
out of these components the grid resistance only can 
be varied at will in order to partly compensate the 
loss of voltage incurred without causing any serious 
effect on the working conditions of the apparatus. 
It has been further shown that the minimum lovss of 
voltage can l^e obtained with negative resistance in 
the grid circuit. • 



Fig. I represents the equivalent circuit of a low 
frequency resistance-capacity coupled aihplilier con- 
sisting of two valves. is the input potential 
applied to the grid of the first valve of internal resis- 
tance p and p is the amplification factor of the valve. 
E is the amplified voltage delivered to the grid of 
the second valve. Ci and C3 represent the inter- 
electrode capacities of the first and secoftd valve 
respectively. Rj indicates the plate load resistance 
and Ra represents the combination of the grid-leak 
and input resistance of the second valve. 

If CO be the angular frequency of the input e.m.f. 
we can write the circuit equations uith the notations 
of currents in different branches shown in fig. i as 
the following. 

i = ii + i2 + ia + i 4 (i) 

peg =• pi + ii/jcoci (2) 

Riiz = ii/jttiCi (3) 

Rii* = (ia +14)^7-" ^Raia .... (4) 
Raia ^ i 4 /i"C 3 (5) 

From the above equations it can be shown that 
the alisolute value of voltage output will be given by, 

pCg 

I K I . (6) 
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where A = i + ^ + j r + - • 

C| Ki Ric* 


B= 



C- 


+ a)C|P + (0C3P, 


and 


D== 



T 

a>C| * 


From equation (6) we get the condition for 
maximum transfer of energy from plate of the first 
valve to the grid of the second, as 


U,- 


B» + D> 

DC -AH 


( 7 ) 


Equation (7) shows that the value of Ra is nega- 
tive as DC is always less than AB. 



Fig. 2 .shows a typical curve depicting the mode 
of variation of the overall amplification in tenns of 
the ratio between the input voltage and the trans- 
ferred voltage measured at the grid of the second 
valve, when the leak resistance is altered gradually 
from positive to negative values, as calculated from 
equation (6). 

The above variation of the amplification and 
the condition of minimum loss of energy have lx*en 
experimentally verified by using a dynatron valve as 
negative resistance in the leak R2 in fig. i. The 
details of the observations will appear very shortly in 
the Indian Journal of Physics. 

This paper was read in the Indian Science 
Congress held at Benares and the authors have great 
pleasure’ to express their sincere thanks to Prof. S. 
K. -Mitra of the University of Calcutta for his very 


helpful discussions and .suggestions which he made 
during his stay in Benares at that time. 


Wireless Section, 

Physics Department, >S. S. Bauer jee 

Benares Hindu University, A. vS. Rao 

Benares, 1 5-3-1 941. 

' l\ \V. Schor, Proc. Inst. Rad. Rnti., 20, 87, 1932. 

>1). G. C. Luck, Proc. Inst. Rad. 20, 1401, 1932. 

•’W. P. Curtis, Proc. Inst. Rad. Rn^:., 24, 1230, 1936. 


Theory of the Variation of the Resistance 
of a Thermionic Valve with Frequency 

Mitra and SiP worked out a theory of the 
variation of the internal resistance of a thermionic 
valve with frequency. Assuming a Maxwellian dis- 
tribution of velocity of the electrons inside the valve 
they calculated the time of flight of the electrotis 
making certain simplifying assumptions and approxi- 
mately obtained the values of the conductivity of the 
valve for different frequencies. These values cal- 
culated on their theory agreed well with those 
obtained by them experimentally in the high fre- 
(lueiicy range. Some measurements of the internal 
resistance of a valve were subsequently carried out 
by Kameswar Rao* in this laboratory over a wide 
range of frequencies. Starting from a high freciuency 
it was found in substantial agreement with Mitra 
and results, that the internal resistance of a 
valve decreased gradually with the decrease of fre- 
(piency. With further decrease of frequency, however, 
the internal resistance of the valve was found to in- 
crease gradually. This latter result of Rao which 
has also been recently confirined by a difTereiit method 
cannot lx explained according to Mitra and SiPs 
theory. 

, The object of the present note is to explain the 
observed variation of the internal resistance of a 
thermionic valve with frequency over a wide range. 
While accepting Mitra an^l vSiPs fundamental ideas as 
regards the conductivity of tlie valve due to the 
convection current, we have taken into account the 
conductivity arising from the displacement currents 
in interpreting the experimental results on the inter- 
nal resistance of a thermionic valve. 

Mitra and Sil assumed that the electrons emitted 
from the cathode have a Maxwellian distribution of 
velocity. On applying an alternating field, the elec- 
trons are set into oscillatory motion which is 
superimposed on their original Maxwellian velocity. 
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It is possible that under the influence of this field, 
for one half of the alternation, the electrons will be 
able to strike the anode of the valve Riving up both 
their kinetic energy and charges. For just reaching 


the aiuide under the applied fields of frefiueiicy 



at the end of the interval T, there must lx* a criti- 
cal velocity v„ with which the electrons must lie 
moving initially. All the electrons which have been 
moving with velocities greater than this critical velo- 
city v« at the instant when the field has Ijegun to 
act would also reach the anode w’ithin the interval 
T. The conductivity for a particular freiiuency 


f = 


would then be proportional to ^ ^ where n 


is the number of electrons having velocities within 
the range Vo to and reaching the anode surface 
within the time interval T. 


If .v is the distance between the anode and the 
cathode and f the frequency of the applied field, then 
the conductivity of the electronic medium, for a given 
electron concentration and temperature can lx shown 
to Ik* : 

=* FC. e ^ ( I ), where K and a are constants. 


This c*onduclivity arises out of the convection 
current inside the valve. 

It is evident from (r) that this conductivity term 
would decrease gradually with the increase of fre- 
(lueiicy. This conclusion is based on the supposition 
that all the electrons in the inter-electrode space move 
only in the positive direction, i.c., towards the anode 
surface. This supixsition is however correct in the 
e.xperimeiits where the anode is given a high voltage 
with respect to the cathode. 

There is however an important factor which 
should be taken into consideration. In the Maxwellian 
distribution of velocity, there must be a lower limit 
u„ which is the velocity comixnent normal to the 
surface necessary for the electrons to escape from the 
cathode. In that case it is evident that the number 
of electrons reaching the anode will assume a con- 
stant value when the frequency {y/V) is reduced to 
such an extent that the initial velocity of the elec- 
trons which would carry them to the anode in time 
T becomes the same as Uy. According to this idea, 
therefore, the conductivity of the valve would remain 
constant for frequencies lower than a certain value 
corre.siionding to the limiting velocity Un of the 
electrons. This limiting velocity would be given by 

~ where 0 is the work-function (in volts) 

300 

of the material of the cathode and e and in arc the 
charge and mass of an electron. The frequency 


corresponding to this limiting velocity Uo would then 

be given by fo= , • (2), where the inter- 

lOx >6m 

electrode distance x is equal to VLohfo. 

The conductivity due to the displacement cur- 
rents in the medium can also be determined. It can 

be shown that this would be given by . . (^j, 

477 

where e is the dielectric constant of the medium and 
w the angular frecpieiicy of the apiilied field. 

We know, however, that the dielectric constant 
€ of the electronic medium increases with the- 
increase of frequency. It was shown by Khastgir 
and Choudhury'* that the value of (i-c) varied 
inversely as the scpiare of frequency. Kveii if c were 
regarded as constant, the conductivity cr., due to the 
displacement currents would steadily increase with 
the increa.se of frecjueiicy. When the frequency 
exceeds the limit defined by (2), it should be 
remembered that the conductivity due to the con- 
vection current would no longer remain constant but 
would l>egin to decrease steadily with further increase 
of frequency. The experimental results on the con- 
ductivity of a valve for a wide range of freiiueiicies 
can therefore be explained. 

A fuller exi)ositk)n will be publi.shed elsewhere. 


vS. R. Khastgir 

Physics L,aboratory, 

Dacca University, 

Dacca, 3-3-1941. 


‘ Milra and Sil, Phil. Li, lOSl, m2. 

* Kainc.^vvar R.'io, Inti. Jour. Phys.^ HWO. 

’ Khastgir and Choudhury, Iml., Jour. Phys., June, 1940. 


Storage of Vitamin A in Liver under different 
conditions of Protein and Carbohydrate intake 

Kxperiments were devised to ascertain what 
influence is exerted by the protein and carbohydrate 
content of the diet on vitaniin-A storage in the body. 
They were carried out at two stages. At the first 
stage, 14 young rats (Ixidy weight — 30-40 grammes) 
were taken. Two of them were killed and the 
vitamin A content of their whole liver was found to 
Ik* t 2'6 and iS’o I. U. As all these rats were on the 
same diet and were of nearly the same weight pre- 
vious to this experiment, the vitamin A content of 
their livers at the commencement of this exi)eriment 
was not expected to differ greatly from these figures, 
viz., 12*6 to 18*0 I.U. The remaining animals were 
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divided into 3 groups ; each groii)) included 4 rats 
and was given a different diet. Table I gives the 
composition of the diet given to each group and the 
vitamin A content of the whole liver at the end of the 
period of the experiment. The animals were kept on 
these diets for 37 days and each was daily receiving in 
addition 100 T.IJ. vitamin A from Crookes* halibut 
liver oil (the daily reojuiremeiit of vitamin A of rats 
is 10 to 15 I.U.) 

At the 2nd stage the animals were given slightly 
different diets, ^live oil having been added to the 
diet of one •group. The proceilure adopted was the 
same as at the ist stake. Two rats were killed and 
the vitamin A content of their whole liver was found 
to lie between 12 and 20 T.U., Lc., nearly the sjime as 
in the case of rats killed before the experimental 
diet was given at the rst stage. The remaining rats 
(weight — 30 to /^o gins) were divided into 4 groups 
and were jmt on diets, different for each group, 
for 56 days, each animal getting daily 100 I.U of 
vitamin A, as at the ist stage. The animals were 
then killed and the vitamin A content of their whole- 
liver was dete/'inined by the usual colorimetric and 
spectroidiotometric methods. 'I'able II gives the com- 
jKisition of the different diets and the vitamin A con- 
tent of the vv’hole liver of each animal at the end of 
the experiment. 

As the animals were put on the experimental 
diet for a longer jicriod at the 2nd stage than at the 
ist stage, the former had generally a greater 
amount of vitamin A in their liver than the latter. 
It will be observed that the addition of fat to a 
low protein diet has not appreciably helped the 
storage of vitamin A in liver (cf. A and 1 ) in table II). 
'I'he difference in coniiio.sition between I), in table II 
and K in table I is mainly with regard to protein and 
fat. It is the increase in the jirotein content of the 
diet and not the addition of fat, tlnit has considerably 
increased the vitamin A storage in liver. It is 
evident from B and C in table I and B and C in 
table II that an excess of ])rotein in the diet has 
not led to a corresponding increase in the deposition 
of vitamin A in liver. On analysing these tables it 
becomes abundantly clear that if the protein content 
of the diet be much below the average re(iuirement, 
the vitamin A storage in liver is much lower even 
when sufficient fat is included in the diet than when 
the protein intake is normal. Thus the excess of 
carbohydrate intake at the expense of protein, which 
is the prevailing habit amongst the p(K)rer Bengalees 
prevents them from deriving sufficient Ijenefit from 
their vitamin A intake in any form. This fact is to 
be taken into consideration in any measure of reform 
of the diet of poor Bengalees based solely on lil^ral 
supply of vitainin-A rich liver oils, such as cod liver 
oil; shark liver oil or halibut liver oil, etc. 
i 


an 


Details of this experiment will Ixr published 
elsewhere. 

IXFMTKNCK ()l‘ PROTKIN CARHOHYDRATK RATIO IN TllK 
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This investigation was carried out with the 
funds of the Indian Research Pund Association. 

Physiological Laboratory, N. M. Basu 

Presidency College, N. K. De 

Calcutta, 7-/t-i(}4i. 
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A Correction 

I am indebted to Dr C. Chandrasekhar, assistant 
professor of vital statistics, All India Institute of 
Hygiene, Calcutta, for pointing out to me in a 
private comtminioation that the sampling distribu- 
tion on the non-null hypothesis of which I 

announced in Sciknck and Culture of March had 
already lieen worked out by Dr P. C. Tang and 
published in Statistical Research Memoirs, Vol. 2, 
December, 1938. I came up against this problem 
incidentally in course of an investigation of a more 
general character, the results of which will Ixi shortly 
announced in Science and Culture. The solution 
of the particular problem which is a degenerate case 
of the general i)roblem came out so very simply by 
geometrical methods that 1 myself was wondering 
whether the result might not be known. Hut I 
could not spot it. On receii)t of Dr Chandrasekhar’s 
letter I looked up that journ.'il and paper and found 
that Dr 'Pang’s result is sulistantially the same as 
mine though formally different. His analytical and 
algebraic method of derivation is necessarily much 
longer than the geometrical ineth(Kl which I used 
in my derivation. 

S. N. Roy 

Statistical Dalx)ratory, 

Pre.sidency College, 

Calcutta, 2i-3-iQ/lt. 


Fossil Pollen in the Tertiary Rocks of Assam 

The application of Raistrick’s* method of ex- 
tracting microspores from carbonaceous shale of 
Tertiary (ICocene)® age from I.aitringow, near 



Photomicrograph of the fossil pollen 320. 


Cherrapunji (Assam), has revealed that these shales 
are rich in pollen in a good state of preservation. 

The exan;iination of the material is now in pro- 
gress and it is hoped to publish a detailed report 
shortly. In the meantime, it may be of interest to 
record that these spores are provided with bladder- 
like extensions of the exine, agreeing in size and 
form with those of recent Pddocarpinae*. Winged 
Ijollen grains have been previously recorded from 
India in Lower Oondwana rocks of Salt range, 
Punjab, and have l)een referred to .Seward’s Pityo- 
sporites^ which is suspected to^ be a pollen grain of 
Glossopteris. 

A. K. Ghosh 

Botanical Laboratory, 

Calcutta University, 

Calcutta, 7-3-1941. 

‘ Raistrick — Trans. Insl. Min. /•Injilnecrs. S8, 142, 19.14. 

* Ghosh — Rec. (r. S. L /-YA'P (Professional paper 4) 
1940. 

“ Wodeliouse — Crains, 1935. 

Virkki— Proc. Ind. Acad. Sc., 6, 6, 1937. 


Co-ordinated Mercury Compounds with Diamines 
and their Salts 

Orthophenylene diamine forms w'illi * niercnric 
salts (chloride, bromide, nitrate and perchlorate) co- 
ordinated comi>ounds in which one mrdcciile of the 
diamine combines with a molecule of the mercuric 
salt. If the Inaction is carried out in dry alcoholic 
solutions, mercuric chloride and mercuric bromide 
yield almost colourless i)recipitates with the diamine, 
the nitrate gives light brown and the perchlorate deep 
browm products. Orthophenylene dianiino nieronric 
r/iUs are all soluble in acetone. They also dissolve 
in water, alcohol, ether, aniline, methyl aniline, 
dimethyl aniline, chloroform, xylene, ])yridine, piperi- 
dine and other organic solvents. But with none f)f 
these solvents they form addition compounds. The 
complex salts easily decompose on heating, the per- 
chlorate decomposes with explosion. A ix)int of 
special interest arises from the discovery of two diffe- 
rent forms of the comi»lex chloride. Crystallised from 
water, alcohol, aniline or chloroform, orthophenylene 
diamino mercuric chloride melts *at 139°— 
Wlicii dissolved in acetone, it gives a yellow solution 
which on evaporation at first forms a semi-solid mass 
that quickly changes to yellow powder melting at 
no®. It is not an addition compound of acetone but 
pure orthophenylene diamino mercuric chloride of 
the formula [HgC«H4(NH2)i]Cla. On treatment 
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with hot water this latter form readily changes to the 
other variety. With monamines cis-trans isomerism 
would have been possible. But with a chelating 
diamine, there is no alternative to a ct 5 -arrangement. 
One of the two forms of n-phenylene diamino mer- 
curic chloride must be a cw-compouiid and may be 
represented as '* * 





Cl 

Cl 


The other form, possibly the unstable one, may be 
a polymer of Ibis. The question is being studied. 
As with orthophenylcne diamine, mercuric salts form 
co-ordinated compounds with meta and para phcnylene 
diamines and i :8 naphthalene diamine. 

Hydrochlorides and hydrobromides of the dia- 
inines mentioned above also unite with mercuric 
chloride and mercuric bromide respectively, one 
molecule of the diamine in each case being co- 
ordinated to a molecule of the mercuric salt. The 
mercury comiKifmds prepared with the diamine salts 
i\re more or less soluble in water. In many complex 
benzidine compounds of mercury previously prepared, 
the co-ordination number of mercury exceeded two 
by the addition of amines like pyridine, piperidine 
and aniline. Two remarkable examples' of 4-co- 
ordinaled mercury compounds obtained being benzi- 
<linc-T)iperidinc mercuric chloride and benzidine 
pi[)eridinc cnercnric bromide. But by such addenda, 
the co-ordination valency of mercury has not yet been 
found to exceed two in any coniiiound described here. 


Chemical lyalxiratory, 

Presidency College, Kauai Lai Mondal 

Calcutta 5-4-1941. 

* SciRNCiv AND CuiJlJKR, 5, 719, 1939-40. 


Crystalline Haemolysin from Cobra 
(Naja Naja) Venom 

Slotta and Kraenkel-Conrat' reported that they 
have prepared a crystalline protein, which contains 
the neurotoxin "and the haemolysin but not the 
^coagulating princii^le, from crotalus-t-terrificus venom. 
They claim that in the case of crotalus-t-terrificus 
venom the toxic substance has got both haemolytic 
and neurotoxip properties. But in the case of cobra 
(iVaja Naja) venom it has been shown by Ghosh and 
fie* and De* that they are two different constituents 

- i 


of cfobra venom and the toxicity is mainly due to the 
ncurotoxin fraction of the venom. In a previous 
communication* by the present author it was reported 
that the haemolysin fraction could be purified eleven 
times with respect to crude cobra venom. Tlui present 
note gives a method of purifying it fiirlhcr and obtain 
it in a crystalline form. 

2gm. of cobra venom was dissolved in roo c.c. 
water and the reaction of the solution was adjusted to 
j.H 3 0 by the addition of 3N sulphuric acid. To 
this .solution 15 gms. of .sodium chloride wa.s gradu- 
ally added and the mixture kept in the thermostat at 
37®C for 20 inimitcs. The precipitate which contained 
the haemolysin was filtered and redi.ssolved in 50 c.c. 
of water. After adjusting the reaction of the solu- 
tion to pir 4‘2, 5 gm sodium chloride was gradually 
added to precipitate some of the inactive proteins of 
the venom. The mixlurc was faltered after some time 
and the filtrate, which contained the active principle, 
was adjusted to ])II 2*8 -3‘o and the active principle 
precipitated hy the addition of 2 gm. more sodium 
chloride. The active precipitate was filtered under 
suction to remove the maximum amount of liquid. 
The precipitate was then dissolved in 20 c.c. of water 
and adjn.stcd to pll 2*8 — 3’o and precipitated by the 
gradual addition of 5*2 gm. of ammoninm sulphate. 
The precipitate which contained the haemolysin frac- 
tion was filtered as before and dissolved in 10 c.c, 
of *2M acetate buffer of i)H 5*6 and treated with 
TO c.c. .suspension of Alumina Cr (AlaO;, = 3Q6 mg.) 
and shaken for 30 minutes in the shaker. Alumina Cr 
absorl)ed major portion of the inactive i»roteins and 
very little amount of haemolysin. The supernatant 
liquid ^separated from the alitniina hy centrifuging 
was treated with 5*2 gm. ammonium sulphate and 
the precipitate formed was found to be inactive. The 
precipitate was removed by filtration under suction, 
and to the filtrate more ammoninm sulphate was 
gradually added till it has rcjiched o'6 saturation with 
respect to amnioniinn sulphate. A suspension <»f 
needle-shaped crystals were obtained. After being 
kept at room temperature for one hour, the crystals 
tv^erc ceiilrifiiged out. The crystals were dissolvcil'^ 
ill 4 c.c. of '2M acetate buffer of pH 6 0 and cooled 
to and saturated solution of ammonium sulphate 
was gradually added till tjie first formation of crys- 
tals. The mixture was brought to room temperature. 
Crystallization was comjdcte within 2 hours. These 
cry.stals has 2*94 per cent protein and 52 i)er cent 
haemolysin content with respect to cnnle cobra 
venom. On recrystallisation no further increase in 
activity was observed. The purity of these crystals 
were determined by their solubility in ammonium 
sulpliate solution according to the method of Kimitz 
and Northrop^ and they were found to be homo- 
genous. 
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My best thanks arc clue to Dr B. N. Ghosh for 
his keen interest and advice and to the Indian 
Research Fund Association for financing the work. 

Department of Applied Chemistry, 

University College of Science, S. S. De 

Calcutta. 7-4-ICJ4I. 


We obtain the time to be 


r+ v' 


r D - v^ 

D -v'^ D + u 


2 Dr 


"(D-v'XD + u) 


(I) 


and the particular distance to be 


* Slottn, K. n. and I'raeiikel Conrat, IT., Nature, 142, 
213, 1938. 

■ Ghosh, B. N. and Dr, S. S., Imi. Jour. Med. Res., 
25, 779, 1938. 

*1)0, vS. S., Ihid, 27, 531, 1930. 

* Kunil/ an<l Northrop, Cold Sprhtf; Harbour Symposia 
On Quantitative Biology (Culd Spring Harbour), 6, 325, 1938. 


Towards the Law of Composition of Velocities in 
the Theory of Relativity. 

The well-known procedure of deriving the law 
of composition of velocitH?s in the 'I'heory of 
Relativity is given in Einstein's paper, ‘On the 
Electrodynamics of moving bcxlics", igos^ 

Recently, however, it seemed to me that the 
same law may be attained by a novel and more 
direct method. In this paper it is intended to 
present that method. 

We make no definitive and specific restrictions 
as to relative velocity, which involves the law of 
composition of velocities, exce]»t that it is^ some 
function of the corresponding “individual” velo- 
cities. And in the following considerations we shall 
maintain a formal distinction Ix'twecn relative 
velocity as such and the “individual” velocities 
concerned. 

Let there l)e two Ix)dics A and B with disposi- 
tions and velocities as shown in figure i ; a 
“messenger” travelling with velocity, D, completes^ 


p-... > 


(Fig. I) 

a to-and-fro journey from A to B and back. We 
assume a “fixed” Galilean frame of reference K, 
and calculate from it the time taken in this journey 
and the distance, CE, the two bodies stand apart at 
the termination of the journey. 


r + 


D 


V — u T- - — - V 

-v' D-v D + u 


r + . V' — 

y' ^ 
D + u 


L 

D-v' 


"U — 


.(D -u)(D + v') 

(b + uXb-V') 


(21 


We now proceed to evaluate the time and the 
particular distance, from the lK)dy A (or B), regard- 
ing it as at rest, system K'. 

In accordance with our reflections on relative 
velocity wc may designate the relative velocities 
involved as (D — u) f (D, u), (Di n) f (-D, u) and 
(v'-ll) f (v', u). 

We obtain the time taken to be 
r 

(l>-u)/(D, u)-(v'-u)/(v', u) 


r+ (v' u)/(v',til 

+_ (D-n)/(D, n)-(v'-u)/(v', it) 

(D hi)/(1)-1), u) 


r(l)H it)/{-D, u)+ r (D-u)/{D, ii) 
(I)+n)/(--l>, u) t(D uj/CI), u) -(v'-ii)/(v', It)} 

(•') 


and the particular distance to be 
r 


r + 


(L)-ii)/(D, iij-(v'-u)/(v', n) 
r 


(v'-u)/(v', u) 

(v'--n)/(v' n) 


(D-u)/(D, u)-(v'- u)/(v', u) w, , , 
+ - - - (v' -ii)/(v' u) 

(D + ii)/(-D. u) 


_ y{D-u)/(D, u)}(D + u)/(“-D^ji) + (v'-u)/(v', u)i 
(D + u)/(-D, uj { (D-u)/(D, u) --(v'-u)/(v', ti)} 

( 2 ') 


(That, even in the system K', obtained by regarding 
the body A as at rest, the messenger's velocities on 
the outward and backward journeys are not taken 
to be the same is due to the fact that in this system 
the observer is confronted with the backward transla- 
tion of his environment with a speed, u). 

Now if the bodies A and B had not been in 
motion at all, these time and space values would 

merely be and r. 
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Therefore we can legitimately hold that v'-u varies 
with 


,( Dn)(D+v') 

V 

2 l)r 

"(l)+u)(D-v') 

and that (v'-tO/fv', y) or v, which we use to denote 
it, varies with 

^ (D-u)/(D, u) ((D i u)/(- n. u) + (v'-u)/(v', u)l 
(D + u)/{-D,«){(I)-u)/(D, ii)-(V-u)/{v'. u)t 

r (l> + u)/{-p. u) I (n-ii)/(D. u) 

(D+u)/(-D, u)l(D-u)/(D, u)-(v'-u)/{v', uH 

‘b’ 


\Vc have in v'-ii and (v' ii)/(v', ii) the values 
of similar entities which vary in the two system K 
and K' and vary with ‘a’ and ‘b’. 


^(v'-n) /(v' 
ii (v' - u) 

(D - +J^y( - 1). u) + (v^ u)/tv/.i)| 

(I) +i.);('- rX uji(i) - 11)/^ I). - (v' - 11) (v',u)i 

_ - D. u)+7i )-»)/(r). ii) 

(P + 10 /( - D, u){(l) - II l/(I),ii) - (v' - ti)/(/.ii)( 


Hence we can regard that 




2 l)r 

("n-\7TiTi-uy 

(niv')(n-u), 

(Dmi)(D-v') 

t 

Arsnniin ;4 that D is a universal constant of nature, 
w e «et 


nv. U) 2 “’‘^i, + v')(D-u)tD + D» 


/(v'. u) = 


i )• - uv' ■ 


D* 


I hcrefore, v - ^ which is tlie law of coin- 

D* • 

l)osition of velocities in the Theory of Relativity. 

In conclusion I take the opportunity to express 
my debt and gratitude to Sir vShah Sulaiman. 


A Corollary 

We turn our attention to the expression ‘c’ in 
the form 

(D + u)/(-D, u) / D + (v-u)/'(v,' u)/ D 


/(v , lO - 2 X 


t dA pyi (U-u)/(D.u) * f 


In the following considerations we make use of 
no other extraneous idea besides the natural stipula- 
tion that for finite “individual” velocities the corres- 
ixniding relative velocity is finite and that when the 
former tend towards unlimited values the latter also 
approaches infinity. 

Obviously, there are two pnjcedures by which 
this exi>ression would yield / (v', u) = i i.c., the law' 
of classical kinematics. ICither we adopt the defini- 
tive basis of the ( lalileo-Newton scheme and put 
the fundamental velocities i b±:n) /' • l)±:ii, or 
l>ostulate that D — 

\Vc thus reach the significant conclusion that 
Ihc (ialili'0‘S\'7i'ion concct^ls of st^dcc and time and 
the possihility of the existence of infinite speeds me 
identical assn mptions. 

Jhang, 

Punjab, J^aliur Husain 

31 - 3 - 1941 . 


A Note on some Spotted Mica and a New Micro- 
analytical Method for Ferrous and Ferric Iron 

It has been observed that some muscovite niicii 
from Nellore contains some mineral imbedded in the 
substance which ai)pears like fine spots scattered all 
over the surface of the mica. The inseparable nature 
of these fine spots from the main body of the mica 
due to their fineness presents the main difficulty in 
their proper anidytical i)r()cedure. Qualitative micro- 
analysis of these spotted portions as well as the 
traiTspareiit clear portions of these spots revealed the 
fact that they differed in their iron amtents only. 
Ulements such as titanium, iiiaiiganese etc., were 
found to be absent a fai t that led to believe that 
they might consist of iron ores like hcamatite or 
niagnetile. It was found that IkAIi the ferrous and 
ferric iron were present and therefore it was thought 
that they might consist of crystallised magnetite 
imbedded between the thin films of mica during the 
time of their geological formation. 

The spotted as well as the colourless portions 
wvre then e.xamined for their magnetic .susceidibili- 
ties by the Curie balance. When conii)ared it w'as 
f(,und that the sj^otted i)ortions were highly para- 
magnetic while the clear ones were only feebly so. 

To i>rove definitely that these spots were magne- 
tite ill nature it was found necessary to find out the 
ratio lietweeii the ferrous and ferric iron in these 
‘pots. The ratio was to be found out in the same 
saniiile and for this purpose a special modified micro 
method has been worked out. The ore was dissolved 
ill a mixture of hj'^drochloric and hydrofluoric acid. 
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the excess of hydrofluoric acid was removed by the 
addition of boric acid as i)roi)osed by Barnelxiy' and 
the ferrous iioii was titrated with standard ceric sul- 
phate (N/ioo). Ferrous-o-phenanlhroline was used 
as internal indicator for which indicator correction 
was necessary. The whole operation was performed 
in an atmosphere of pure carbon dioxide. Phenyl- 
aiithranilic aeid was found to be a more convenient 
indicator, for it required no indicator correction. 
This titrated solution was again titrated for total iron 
by standard titanium chloride solution (N/150) when 
methylene blue was used as indicator and the proper 
indicator correction was applied. Unless i or 2 drops 
of sodium salicylate (10%) is added no sharp end- 
point can be obtained at ordinary temi)eraturc. These 
difficulties can be obviated when idienylanthranilic 
acid is used as indicator in the ferrous iron titration 
since iKitassium thiocyanite solution (ro%) which is 
the ordinary indicator for ferric iron can be used 
when fcrrous-o-i)henanlhroline has not been used in 
the previous titratiem. The amount of total iron was 
obtained from the second titratioiwand the ferric 
iron was obtained by simple subtraction. The ratio 
of ferrous to total iron was found to be i : 3 which 
conclusively proved the magnetite nature of the spots. 
Micro] )hotofiraphs of these spots show'cd that they 
ivere beautiful crystallised mineral imbedded Ixitween 


thin films of the mica. This micro-method can be 
conveniently used for the estimation of ferrous and 
ferric iron in the same solution. Quantities of iron 
present in minerals .such as magnetite, heamatite etc. 
can ho accurately estimated up to the order of 10“* 
mg. A. Benedith Pichlcr (1928) worked out a micro- 
method for the estimation of ferrous-iron — by the use 
of Redox indicator. In his method sharp endpoint 
can only be obtained when sonic ferric iron is added 
to the solution. This prevents the estimation of 
ferric iron in the same solution. 

The alx)vc procedure is recommctfdcd .when only 
small cjuantities of pure minercls are available for 
analysis. This method also settles conclusively the 
(luestion raised by Ilillibraiid*, and show^s that after 
titrating the ferrous iron in hydrofluoric acid solution 
the total iron can be satisfactorily titrated with tita- 
nium chloride. Details wdll be t>iiblished elsewhere. 

My best thanks arc due to Dr P. B. .Sarkar for 
his helpful guidance and laboratory facilities. 

Inorganic Chemical Laboratory, 

University College of Science, Jyotiriiioy Dasgupta. 
Calcutta, 7-/1-1941. 

'Jour, Amer. Chem. Soc., 37, 1481, 1916. 

* Applied Inorj^anic Analysis, page 775. 
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Fuel Economy Policy in India and Abroad 

(Continued) 


JN our last iftsuc wc broadly discussed the question 
of fuel economy in India and the various causes 
nnderlyiiifi: tJie continuance of wasteful iiractices. 
The need for a proper vState control of the fuel indus- 
tries was emphasized specially in view of the 
effective measures adopted by other countries posscs- 
sinj^ far vaster fuel resources. We now propose to 
deal witli^the broad principles of national fuel policy 
determiniii^i: the nature of supervision and the estab- 
lishment of a central organisation for exercising such 
control. In the case of coal which is an irreplace- 
able mineral, the imiirovement of mining methods 
only cannot assure maximum life to it as most 
people appear to think in this country, but proper 
methods of utilisation are likely to promote consider- 
able economy in the cost of fuel for the industries and 
what is of more interest to the country it would 
ensure a longer life to the limited reserves. 

There can be three ways of effecting conserva- 
tion of irreplaceable resources: — 

T. Conservation in mining. 

2. Conservation in treatment and proper pro- 

cessing and consumption i.e., efficient 
utilization. 

3. Replacing the exhausting natural fuels 

by substitutes which may be prepared 
from other resources. 

It is well known that the methods of utilisation 
of coal as at present practised in India are inefficient 

; 


and coal is mostly consumed in the raw 
state without previous processing. In other coun- 
tries, fuel economy is almost a national movement 
and all conceivable attempts are being made to 
reduce the consumption of fuels per unit of tiower 
or heat obtained. For example, in Great Britain the 
total consumption of coal in 1913 was about 185 
million tons and in 1935 even with the increased 
industrial expansion its consumption was only alx)ut 
162 million tons. How has it been possible to derive 
more* power when the total consunqition has been 
falling down ? The answer is simple and obvious — 
better utilization of fuels.* It has been estimated that 
by adopting more efficient methods alone, Great 
Britain has been able to save twenty to twenty-five 
million tons of coal annually, i.r., about 12 per cent, 
of the total consumption. There are two agencies 
which may be interested in fuel economy, viz., the 
'consumer having financial considerations and the 
Government as a guardian of the interests of the 
country. In most of the countries, the consumers 
have taken the initiative^ in fuel economy, chiefly 
due to the high cost of fuel. In Germany, it is not 
only the consumers who have been concerned with 
fuel economy, but the State has taken a very active 
part in ensuring that no w'aste is allowed to occur in 

• For example, in 1913, nearly four ixninds of coal were 
•needed to pro<luce one unit of power. By 1937, the power 
machinery had i)een so much improved that only one pound 
of coal was sufficient for producing one unit of power. The 
present day industrial activity of Kngland is estimated to 
have increased aboul three times. 
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utilization and that all valuable products are 
recovered from coal. 

In En^^land the niovcincnt was started mainly 
by the efforts of the private enterprise added by the 
Fuel Research Hoard. The price of coal in England 
has been appreciably high and it is evident that the 
principal consumers should have made serious 
attempts to reduce the proportionate cost on their 
fuel consumption. In the United States of America 
even with the abundant resources of fuels at her 
disposal, voluntary efforts in fuel economy have been 
pursued with State aid, lx>th technical and financial. 

In India, the price of coal is very low and it is 
natural that the consumers have not been very much 
interested in fuel economy. Moreover most of the 
plants and appliances needed for l)etter utilization 
have to be imported at a fairly high price and as such 
involve the investment of a good deal of capital. If 
after all this initial expenditure and increased super- 
vision one can effect some economy, dtie to low 
price of coal the investment would lx? found to be 
an economically unsound proposition. It is only 
when the price of coal has suddenly increased or 
there are competitive considerations that voluntary 
attempts for fuel economy have lx?en made by some 
of the principal consumers, mutably the iron and steel 
industry. Other industries which are consuming an 
appreciably large amount of fuel by inefficient 
methods have remained more or less indifferent. 

It is now generally recognised that the srerious 
wastage of coal and its products caused in mining 
and utilization have been largely due to the uncon- 
trolled production and distribution which together 
have brought alxmt a keen competition in the trade. 
The Indian coal industry is notoriously one which 
may be called “a house divided against itself*. This 
has given rise to unusually low prices of coal. The 
coal purchase policy of the Railway Board has 
been largely responsible for these low prices. 
The colliery owner cannot resort to efficient metho<1s 
!)ecause of inadequate return. The consumer, on the 
other hand, due to the availability of very cheap fuel 
does not consider it worth while to think seriously 
of fuel economy. This system of distribution, there- 
fore, has created a vicious circle, out of which the 
industry now finds it difficult to emerge and it has 
l^en one of the principal causes of the wasteful 
practices employed lK)th in mining and utilization.' 

Several workers interested in the fuel problem, 
notably Pascoe, Fox, Sen, Coggin Brown, N. P. 


Gandhi, Chatterjee, Forrester, etc., have from time 
to time emphasised the need for the establishment 
of a fuel research organisation. The Coal Mining 
Committee (1Q37) also made a suggestion to that 
effect. The National Institute of Sciences at one of 
their symposia in 1939 passed a resolution recom- 
mending to the Government for the early establish- 
ment of a Fuel Research Board. Most of the above 
named wwkers have suggested the organisation of 
fuel research mostly from the investigational ])oiul 
of view. But it is evident that the coal .industry has 
come to its i)rcsent unsatisfactory state not only due 
to the absence of fuel research, but primarily due lo 
unorganised development and absence of control mi 
production and distribution. Unless the industry 
is i>roperly controlled in the spheres of production, 
distribution, utilization and even organisation, there 
is little chance of its being placed on a firm basis 
and consequently less pos.sibility of avoiding wastes. 

We, however, feel that an organisation entrusted 
mainly with the task of carrying out investigations 
on fuel problems without requisite power for 
effective control will not be very heliiful in ensuring 
a projicr utilization of fuels. In the absence of a 
properly constituted authority, the results of investi- 
gations sometimes obtained after a great deal of 
expenditure, will remain buricil in departmental 
reports or only those methods would Ixi utilised which 
may bring an inimediate return on the caf»ital. Ins- 
tances arc not wanting, when the introduction of 
efficient metlnKls has occasionally meant a great deal 
of initial expenditure and the beneficial effects of 
such investments have been realised only after the 
lapse of some time. We may cite the case of the 
very great improvement in the methods of coke 
manufacture. The prcvScnt method of its mamifac- 
<^ruc in the bye-product coke ovens has been deve- 
loped after a long scries of investigations and in- 
volves a considerable expenditure in the initial stages. 
The new method has been of benefit not only to the 
industry but also has proved to be of great signi- 
ficance to the country as a whole. It recovers valu- 
able bye-products which serve as raw materials to 
several important industries and it is the function of 
the State lo .see that this method is generally adopted 
in the manufacture of coke. In 5 ndia, with the 
exception of large concerns such as the Tata Iron 
and Steel (!o., the Bararee Coke Co., etc., coke is 
still manufactured in the beehive coke ovens 
resulting in the loss of valuable constituents. 
There are several other wasteful practices prevalent 
in the utilization of fuels, for example, the misuse of 
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coking coal, the direct burning of coal in some of the 
manufacturing industries without previous process- 
ing etc. The misuse of coking coal is one of the 
iriost discussed subjects. 

It is well known that India produces about 13 
million tons of coking coal of which not more than 
4 million tons are utilised by metallurgical industries. 
The re.st is consumed by the railways and other 
industries. Some of the collieries which produce only 
coking coal are owned by the State railways and 
this much-neecfed coal is consumed by them mostly 
in locomotives. Thi! State even on repeated warn- 
ings has not been able to stop these harmful prac- 
tices. Much more sur]>rising is the fact that some of 
the iron and steel comiianies have been found (as 
reported by the Coal Mining Committee of 1Q37) to 
sell their coking coal to the railways and at 
the same time have lx;en crying hoarse to impress 
upon the. Government to stop the misuse of coking 
coal. With such past experiences how can 
one believe that even if some blending tests 
come out vsuccessful, they will l:>e utilised? The 
immediate solution of the problem of coking coals 
is the restrfetion and control on the output of coking 
coal. This can only be achieved through State 
intervention. 

From the foregoing account it will be evident 
that thci fuel iiroldeins arc so varied and complicated 
in nature that they can only be solved liy a central 
bo<ly pursuing a unified fuel policy, and controll- 
ing the fuel iiidiistries in all the spheres, i.c., organi- 
sation, production, distribution and utilization. In 
other countries where there are several bodies 
entrusted wdth fuel prolilems it is liciiig increasingly 
rccogni.sed that a jiroper and effective control can 
only be eiisurerl through a central agency. In this 
connection we tpiote below two passages from the 
speeches of the Presidents of the Institute of Fuel, 

( Treat Britain : — * 

“May 1 plead that in the interests of the eoal industry 
and the nation, a really powerful organisation be formed to 
undertake research and to deal authoritatively with all 
matters relating to the preparation of coal for the markets 
and its known uses and those yet to be discerned ? An 
organisation such as 1 visualise would raise the industry to 
a technical levA hitherto not imagined.” (bord Ilir.st, 1931). 

“We are at the beginning of an era which is U) treat 
coal as a raw material for manufacturing processes, ami it is 
matter of the greatest national importance calling for tha 
advice* of the highest authorities in each section of the 
industry. Only by one central body can guidance be given 


which shall place the nation on the road which will produce 
the greatest lienefit for all sections of the community, and 
ill order to co-ordinate the whole of the power and heating 
retiuirenieiils of this country it is recommended that a new, 
permanent, Central body be. created by an Act of Parlia- 
iiienl". (Sir Phillip Dawson, 1937). 

1‘urther 

“It is therefore disturbing to all who arc closely con- 
eeriied with the fuel industry in this country to realise that 
the Goveriiineiit are lethargic on this matter or have not 
apparently appreciated the fundamental importance of 
setting up a machinery towards the establishnu iil for the 
utilization of the nature’s fuel resources, which are after 
all the fiindaiiieiilal assets the country possesses.”" 

In India there are organisalions, si^me of which 
are wholly and some others partly concerned with 
fuel problems, such as the Geological Survey of India, 
the Indian School of Mines, Dhanbad, the office of the 
Chief Inspector of Mines, the Coal Grading Board, 
the Sand Stowing Board, the Indian Soft Coke Cess 
Committee etc. There is hardly any co-ordination 
ill their activities and they do not appear to follow 
any definite and unified policy. It may not be loo 
much to say that at least one of them, such as the 
vSoft Coke Cess Coiiiinittce has failed to justify the 
e.xpeiuliture of a lar.gc sum of alnnit a lac of rupees 
collected from the cess levied on .soft coke, since 
the slight increase in the consumption of soft coke 
after its estahlishiiieiit is more due to the very low 
price of coal in recent years than due to the effect 
of its propaganda. Moreover, there may be some 
juojdcins which though apparently uneconomic may 
recpiire to be tackled in the wider interests of the 
nation. One such iiroblcm is that of the production 
of lupiid fuels from coal and the recovery of bye- 
l>roducts of coal ('arbonizaliou. The urgency of this 
problem in India is obvious. The aliove Ixidics, 
scattered as they are, cannot investigate this im- 
portant problem in an organised way. It is necessary 
that for a pn)])er 4 X)-oidination of their activities they 
should be subject to the control of a central* agency. 

In the absence of a projicrly constituted central 
authority, it is indeed difliciilt- or we may say almost 
impossible to effectively pursue a unified policy of 
fuel conservation oil an all-India basis. The problem 
of fuels is an all-India one and should on no account 
be left to the provincial authorities, who will always 
be hampered in adopting a uniform policy. 


boon. Jour. Inst. Fuel, 1940, p. 124. 
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Declaration of a National Fuel Policy- 
The First Step. 

In a previous issue* we emphasised the need 
of a national fuel policy and if a programme of fuel 
conservation is to be given effect to, it is essential 
that the State should make a declaration on fuel 
policy i.e., we must clearly know our aims and 
problems. 

A clear declaration of National Fuel Policy is 
therefore a prerequisite to adopting any measure. 
The guiding principle in laying down a national 
fuel policy should be the interest of the nation as a 
whole considered from the view-point of the present 
and future welfare, which must be supreme and 
should not be allowed to lie subordinate to vested 
interests. The central idea should be, that for every 
major use, such as for the consumption of fuel by 
railways, by the iron and steel industry etc., the 
nature of the fuel should be determined considering 
its future and present availability. Also, if a fuel 
is considered to be indispensable for the prosperity 
of a certain key industry whose decay may even 
endanger the safety of the nation, every step should 
lx; taken to ensure that it is used for the specific 
purpose. No fuel, howsoever, inferior and small in 
cpiantity should be allowed to be wasted and there 
should be no misuse of any fuel. Also if a source of 
power can be used which may dispense with the use 
of fuel thus indirectly helping its conservation, the 
State should investigate its possibilities. One such 
example is the use of hydroelectricity for runiung 
the railways. Ffforts should be made for the dis- 
covery and production of substitutes for the fuels, 
such as power alcohol to replace petroleum, for which 
the country has to depend on imports and whose 
supplies during times of emergency may be cut off 
thus threatening the welfare and defence of 
the country. All legal difficulties which stand in 
the way of the National Fuel Policy should l^e 
removed. These are some of the broad principles 
upon which a fuel policy has to lx; based. As experi- 
ence accumulates and new prpblems arise, it may be 
necessary to make changes whenever necessary in the 
national interests, which we repeat, should always 
be supreme. 

On declaring the national fuel policy, the Gov- 
ernment should appoint a machinery responsible to 
execute it. It may be interesting to note here that 

■SCIENCE AND Culture, 6 , 61-62, 194641. 


the National Planning Committee in its ad interim 
report on Power and P'uel have strongly recom- 
mended the control of the coal industry by the State 
and the establishment of a National Fuel Board 
responsible for exercising this control, under a joint 
commission known as the National Power and Fuel 
Commission. Since the problems of fuel and power 
are so much interlinked, it i^ desirable that they 
should be under a joint control. Under the National 
Fuel Board there should be four committees: — 

1. The Fuel Production CoAimit^ee. 

2. The P\iel Distribufion Committee. 

3. The Fuel Utilization Committee. 

4. The Fuel Organisation Committee. 

That the early establishment of such a control 
organisation is necessary and long overdue cannot be 
(luestioned specially in view of the so many misuses 
and wasteful practices both in the iirodiictiou and 
utilization of fuels. We may iiieiilioii here that there 
are in India such organisations as the Central Cotton 
Committee, the Central Jute Committee, the Imliaii 
I^ac Cess Committee, which look after the particular 
industries. 

The coal industry is the principal fuel producing 
industry in India with a cat)ital of about fifteen 
crores of rupees. Fuel industries occupy a key posi- 
tion in the welfare of other industries ami are 
essential for transport and power. We are of 
opinion, therefore, that the Govcniinent .should 
exercise a .strict control on the fuel industries, 
through the National Fuel Board which should lie 
the supreme controlling authority and should 
advi.se the Government from lime to time with 
regard to the necessity of making new laws or 
amending tlie existing ones in the interests of the 
nation. Also, when a certain law has been enacted 
•by the Government, it should be the duty of the 
Board to i)Ut it into effect, for which purpose it should 
lie vested with the requi.site power. Thus the Board 
should Ije both of an advisory and supervisory 
character. Further, like the Railway Board it 
should not be a body composed of Government offi- 
cials only. Once such an organisation is established 
vested with the necessary powers, thS solution of 
fuel problems of India will be comparatively easier. 
As already pointed out there arc such organisa- 
tions on power and fuel in several other countries, 
notably the United States of America, Germany, 
France, Russia, Great Britain, Canada etc. 
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It is well known that by exercising strict super- 
vision, Germany,* has been able to develop a system 
gf fuel economy and power industries which is still 
unsurpassed in the world. Under the Fuel Board 
there should be at least two Institutes -the Fuel 
Research Institute for investigating problems of fuel 
utilization, safety in coal mines, petroleum installa- 
tions etc., and the Geophysical Institute for a proper 
development of the methods of prospecting and pro- 

* Regarding Gcrniany's control of power industries, we 
may mention , that by exercising a strict control on the 
existing power coiniviiiiei4, she has been able to raise her 
total energy production from fifty thousand million units 
to nearly hundred thousand million units though the addi- 
tion to producing plants has been only about twelve per cent. 


duct ion. The Board should be liberally financed by 
the Government and the former should co-ordinate 
and utilise the facilities existing in other institutions 
by allocating appropriate grants. The recent appoint- 
ment of a Fuel Research Committee under the Board 
of Scientific and Industrial Research is a rather feeble 
attempt in this direction. The bad condition of the 
fuel industries in India and I heir importance in 
national life demand a more powerful organisation. 
We hope that in the interests of the nation, the Gov- 
ernment even after their long and continued inactivity 
will take early steps to declare their fuel policy and 
establish a central organisation responsible for carry- 
ing out the policy. 


JOINT EASTERN SESSION OF SCIENTIFIC ASSOCIATIONS 

AT BANGALORE 


^ joint session of the Association of Technologists, 
Bangalore, the Indian Academy of Sciences, the 
Indian Chemical Society (Bangalore branch), the 
Institute of Chemistry (Indian section), the Society 
of Biological Chemists (Bangalore branch), the South 
Indian Scfeiice Association and the Technical Asso- 
ciation, Bhadravati, was held in Bangalore on the 
loth and nth April, under the presidency of Sir C. 
V. Raman, Kt., F.R.S., N.L. 

The proceedings began on the roth morning with 
an inaugural address by Sir C. V. Raman on ‘New 
X-ray l^ffect on Crystals*. After a few preliminary 
remarks Sir C. V. Raman gave an account of the 
work which was being done in the Indian Institute 
of Science by himself and Dr Neelakaiitaii on the 
subject. He referred to the nature of the oscillations 
- how they were excited and how they should cal- 
culate the results. The inaugural addre,ss was 
followed by a paper on ‘Recent Advances in Cosmic 
Ray Physics’ by Dr Iloini J. Bhablia, F.R.S. Dr 
Bliaba gave a historical survey of the subject. He 
dealt with the phenomenon known as “Cosmic Ray 
Showers”, the theory of Heisenberg and the Bbabha- 
Heitler Cascade Theory. He pointed out tiie various 
defects in the theory of Heisenberg and said that he 
was carrying out some experiments to test his own 
theory in the Indian Institute of Science. Prof. C. 
R. Sundarachar then read a paper on ‘Recent 


Ailvances in Nuclear Fission*. A few original papers 
concluded the morning scission. The President, 
Sir C. V. Raman, was at home to the delegates in 
the evening. The day’s proceedings concluded with 
an interesting public lecUue by Mr M. Srinivasaya 
of the Indian Institute of vScieiice on ‘The Story of 
Vitamin I)*. Mr vSriiiivasaya gave an account of the 
disco\^ry of vitamin D and described its preparation, 
properties and uses. During the course of his lecture 
he referred to the work which is ))eing done by 
himself and his colleagues at the Indian Institute of 
of Science on the pnKliiction of vitamin D from yeast. 

On llie util morning the luocecdings started with 
an interesting i)aper on ‘Recent Advances in Protein 
Chemistry’ by Dr M. Damodaraii, professor of 
cliemislry. University of Madras. This was followed 
by a paper on ‘vSoiiic Antigenic asi)ects of Bacterial 
activity* by Dr C. V. N^itarajan, su[»erintciident. 
Vaccine Institute, Bangalore. Mr M. Srinivasaya 
gave an account of ‘Recent Advances in the Bio- 
Chemistry of Plant Viruses’. Some interesting 
original papers were also read. 

In the evening vSir C. V. Raman gave a very 
interesting public lecture on ‘Earthquakes*. The 
Session concluded with a subscription dinner. 

C. K. 
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Introduci‘ion 

JN a country such as Indiai where agriculture is 

the mainstay of the economic structure, the 
important position of animal husbandry in guarding 
national prosperity is obvious. Indeed, practically 
the whole motive power for agricultural operations 
is derived from animal labour. Moreover Indian 
cattle are simultaneously called upon to play the 
customary role of maintaining national health by 
supplying milk and milk products. Unfortunately, 
even though it occupies such an important position 
in our national existence, the livestock of India has 
been sadly neglected. The efficiency of Indian cattle 
has systematically deteriorated owing to the defec- 
tive agricultural policy of this country during the 
past few generations. On the one hand, driven by 
abject poverty, the Indian peasant has been utilizing 
every piece of available arable land for growing crops 
which will bring him immediate cash, such as 
cereals, millets and oil-seeds. On the other hand, 
the industrialist has tempted the cultivator to use the 
rest of the useful soil for growing plantation crops 
such as jute, tea, sugarcane and tobacco. No 
thought has ever been given to keeping in reserve 
a portion of arable soil for growing fodder 
crops and grasses—that is, natural food for the 
feeding of livestock. Thus for decades, the cattlS 
population of India have been eking out a miserable 
existence on such foodstuff as straws, hhoosa and 
cake,- the residues in the processing of cash crops. 
As the production of cash crops is limited by the 
capacity of the land and the actual demand of the 
human population, these residues are not available in 
any quantity. 

Inadequacy of Available Foodstuffs 

It has been possible to estimate the amount of 
by-products and fodder crops available for animal 
feeding and it has been found that this amount is 


far below requirement. This will be evident from 
the figures given in the following table : 

TAR1,U 1. 

AvAii.Aiir.K srpi'i.Y i\ India 

Raw material I>ry matter 
(million tons) 


Straws 

••• i35‘i 

121‘7 

Green fodder 

... 1690 

33‘8 

Concentrates 

4‘2 

3-8 

Bran, etc. 

3*3 

*“ 3*0 

Total 

311*6 

162*3 


According to available figures, the cattle popu- 
lation, including buffaloes of India is 215 millions. 
There are in addition 97 million sheep and goats and 
I million equines. Omitting from our calculations 
sheep, goats and equines and considering only the 
215 millions of cattle, the available dry matter supply 
per head per day conics to kbout 4*4 lb. of which 
only o' 2 lb. is concentrate. If we assume that the 
average body weight of the Indian cow is /loo lbs., 
then the average dry matter requirement per head 
per day for maintenance is 8 lb. (inclusive of the 
concentrates). It is apparent, therefore, that for the 
maintenance of mere existence, the available food- 
supply is 45 per cent short of the actual requirement. 
It will readily be recognised that if the animal is 
producing milk or performing work, the requirement 
will be even higher and the shortage of foodstuffs 
consequently be more acute. 

t 

Fortunately, the above figures do not take into 

account the uncultivated fodder, such as pasture grass 

and forest grass or hay. The extent of supply of 

these indigenous grasses cannot be accurately 

assessed but it is nevertheless high and when properly 

mobilised and made available to stock owners,- the 
( 

V 
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apparent shortage of food can be very considerably 
reduced. 

Having reviewed the position as regards the 
quantity, the question naturally arises, “What is the 
quality of the available foodstulTs?** Before answer- 
ing this question it may ho advisable to make a brief 
survey of our knowledge regarding the quality of 
food in relation to stock -feeding. 

Quaijty of Food in rri,ation ixj vSTocK-FKEniNf; 

Not very many years ago, nutritionists interested 
in stock-feeding usually laid stress only upon the 
quantitative sufficiency of such nutrients as energy 
and protein. The work of the past years has. 
however, shown that milk yield, growth, health 
and reproduction are sigtiificaiilly influenced by 
substances which are not taken into account in cal- 
culating either energy or protein. The discovery of 
vitamins and the recognition that foods may be 
adecjuate as regards energy and protein but still be 
deficient in certain essential minerals, have shifted 
the balance ^of interest in nutrition from quantity to 
fpiality. 

Authoritative opinion inclines to the view that 
the danger to farm animals consequent upon insulfi- 
ciency of vitamins is less than to human beings, 
"rhe farmer himself is much more likely to sufTer 
from vitamin deficiency than the animals he feeds*. 
Perhaps this is true only when animals consume their 
natural food in the form of green grass or fo<1der. 
It has been shown by several workers during recent 
years that the continuous feeding of artificial fi.KKls, 
such as straws and cakes and the rigorous omission 
of green stuffs from the ration, bring alx>ut sooner 
or later the demand for specific vitamins. Moreover, 
as has been suggested by some workers, ‘it is possible, 
indeed highly probable, that there may be undis- 
covered food factors in natural food like green grass, 
which are of importance in livestock feeding*. 
Experimental evidence appears to show that animals 
acquire natural immunity from infection if they are 
allowed to gra/.e on green grass. Tliis acquirement 
of natural immunity suggests the presence of a pro- 
perty in green grass which has an influence on the 
defensive mechanism of the animal body. The 
intensive work which is now being carried oitt in 
some American laboratories on the so-called “grass 
juice factor** is another evidence of this. 

It is now well known that, though most of them 
are required only in relatively very small amounts, 


the minerals play an important physiological func- 
tion in the living organism and it has been firmly 
established that many problems of nutrition l)earing 
on the economical use of feeding stuffs iuid also on 
the incidence of pathological conditions arc intimately 
connected with the supply of inorganic constituents, 
particularly of calcium and phosphorus, in the ration. 
Elements such as sodium, potassium and chlorine, 
which are retjuired in relatively larger amounts and 
other elements such as iodine, iron, copper, cobalt 
and manganese, though reciuired in minute quantities, 
exert also a profound influence on the health and 
growth of the animal. 

Apart from vitamins and minerals, there still 
remain for ermsideration other (jualitativc aspects. 
The most important of these perhaps is the (piality 
of the protein of the ration. The term “protein**, 
as it is commonly understood in stock feeding, 
includes Inoth true jirotein and protein degradation 
products or non-prolein nitrogenous compounds. The 
nutritive value of the latter is perhaps limited to 
maintenance alone and the protein value of a feed, 
at least for all productive purposes, should lx; 
reckoned by the amount of true protein present. 
Then again, a general name like “protein** is of 
limited significance, since no two proteins are alike. 
There are as many proteins as there arc protein 
sources and every one of them has a different 
efficiency or Inological value. 

Finally, when considering the (luality of a ‘fodder 
one <nust not overlook such factors as its palatibility, 
its digestibility and the amount and kind of fibre it 
contains. 

tjUAMTY OF CaTTI.K P'kKI) IN INDIA 

If we attempt to ap])raise the quality of fooil- 
stuffs commonly fed to cattle in India in the light of 
. the observations made al)ovc,we shall lx; presented 
with the following revealing features. 

As straw constitutes by far the largest amount 
(about 8() i)cr cent) of tlie total roughage supply, we 
shall consider it first. Normally in straw, digestible 
protein is nil, starch equivalent or available energy 
is about 20 per cent, lime content o‘2o to o‘42 per 
cent, phosphate 0*05 to o’ 20 per cent, while carotene 
or vitamin A is practically al)sent. This fact at once 
brings out the appalling (pialitativc inadequacy of 
this staple food of Indian cattle. While Indian dry 
roughages do supply a certain amount of energy, 
yet their lack of digestible protein, their low lime 
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and phosphate content and their practically complete 
lack of any source of vitamin A lead to various 
obvious pathological conditions such as osteomalacia, 
aphdsphorasis, ophthalmia and blindness in calves 
and abortion of non-specific origin. Moreover one 
can at any time see their effect in Indian cattle in 
a general unthriftiness, a stunted growth and a late 
maturity. Furthermore, when one views animal 
nutrition in relation to public health, one finds the 
position e(iually disquieting. As the supply of 
protein-rich cake is meagre and as no protein is 
available in dry roughage, the daily milk production 
of Indian cattle is found to be only 8 ozs. per head 
of population, a figure which suffers a poor com- 
parison with the figure of over 40 ozs. in most 
European countries. In view of the special impor- 
tance of milk in human diet (i.s o/s. of milk hasi 
l>een suggested for consumtdion per head of 
population 'to make it a feasible standard under 
Indian condition*)— the present supply appears to be 
too low even to maintain the minimum level of 
national health. 

Proceeding to the case of concentrates available 
in India, we have various oil cakes, cotton seed and 
by-products of crop processings, such as bran and 
pollard. These concentrates arc, it is true, protein- 
rich food and, when supplemented in the usual sole 
feed of dry roughage, they partially mitigate the 
complete absence of digestible protein in the ration. 
But one cannot ignore the fact that concentrates are 
a badly balanced food, being inherently deficient in 
calcium and vitamin A. Moreover, recent researches 
tend to sho^Y that protein in cakes is only of limited 
value. Thus some workers have shown that, whereas 
the biological value for milk production of protein 
in fresh spring grass is 80 per cent, the efficienev of 
protein in linseed cake is only 45 per cent. 

If from the above resume we are convinced that 
not only the rjuantity of the foodstuffs consumable ' 
by livestock in India is below requirement but also 
that the quality of available feed is open to serious 
question, the task before us' becomes clearly defined. 

INCRKASKD SUPPLY OP OOOD Qu.ALITY CaI'TI.K FKRDS 

The solution of the problem of the proper feeding 
of livestock lies in supplying abundance of their 
natural foods — pasture grass and suitable fodder 
plants, which will guarantee both quantity and 
cpiality. In India, unfortunately, many an easy 
solution is set at naught by factors which cannot 


be controlled by human agency without heavy 
expenditure. Thus a good pasture perhaps offers the 
immediate short-cut for successful stock feeding, but* 
the climate and, in many jdaces, the soil do not 
permit the maintenance of a pasturage of requisite 
quality for any length of time. This fact, however, 
should not discourage schemes for the improvement 
of whatever pasturage is available for crop production 
for livestock feeding. But the chief solution, 
perhaps, lies in growing more and more fodder crops 
of suitable quality. The criteria of suitability which 
will guide the process of selectfon amongst the many 
species of cultivated and non-cultivated fodder crops, 
which are known to grow in India, arc simple to 
decide. Perhaps the primary index of suitability will 
lx? the nutritiv^e ratio, i.e., the ratio between the 
digestible crude protein and the combined digestible 
carbohydrates and fats. This nutritive ratio for the 
r>rdinary ijurpose of maintenance should not be wider 
than I : 10 to i : 12. For specific functions, such 
as growth and milk production, it is desirable that 
the nutritive ratio should be narrower, say, i : 4 
to T : 6. The next consideration of importance is the 
mineral supply, particularly that of linfe and phos- 
phate. It is desirable that lx)th the lime and phos- 
phate content of the fodder should be within 0*7 to 
0*8 per cent, on dry Ixisis. ^As the forages are 
naturally rich in carotene, the question of adequate 
supply of the required vitamin needs no special 
consideration. 

Judged from the data on composition and diges- 
tibility hitherto available, the following fodder cro[)s 
can lx? cited as those which come under the first 
category, f.e., with nutritive ratio r: to to r : 12 
when fed cither green or as hay : — 


r. 

Young juar. 



2. 

,, Maize. 



3 * 

,, Oats. 



4. 

,, Bajra. 



5 - 

Elephant grass in 

prime 

condition. 

6 . 

Guinea ,, 

)> 

>♦ 

/ • 

Sudan ,, 

II 

II 


In addition to the alx)ve cultivated fodders, we 
have recently been able to demonstrate that some of 
the indigenous grasses which grow wild — namely, 
Anjan (Pennisetum cenchroides) Dub (Cynodon dac- 
tylon) and Spear grass {Andropogon contortus) are 
good fodders and are suitable for reseeding and cul- 
tivation. 
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To the other category, that having the narrower 
nutritive ratio, belong the leguminous fodder crops 
^such as Berseem, Lucerne, Cowpea and Senji. 
Legumes, Ixith green and as hay are highly palatable. 
They are rich in protein of an excellent quality, are 
perhaps the richest source of available calcium among 
the fodder crops and are unquestionably rich in 
vitamin A. Some ^of the striking oliservations 
recently made by workers at the Bharari Cattle Farm. 
U. P. on the effect of feeding berseem to growing 

and milch stock mav be summarised here : 

» 

{a) I'he rate growth obtained even with 
maximum replacement of concentrates by berseem 
compares well with that which is to be expected 
under normal conditions. The cost of production 
per unit of growth is at a minim uni in the case of 
heifers getting the maximum nutrients in the form 
of berseem. 

{b) In the case of milch cattle, there was no 
difference in the average milk yield of the groups 
getting full concentrates and that of animals getting 
50 per cent, of the concentrates rejilaced by berseem 
liay ; the live weights were maintained equally 
effectively and there was practically no di (Terence in 
the composition of the milk obtained. But the cost 
of producing milk was decidedly higher with the 
full concentrate ration than when berseem hay re- 
jdaced 50 per cent, of the concentrate. 

These observations show not only the nutritive 
superiority of legumes as cattle feed imt also demon- 
strate that legume forage can economically replace 
costly concentrates. The comparative food values 
of those straws and green foilders discussed above 
are given in tabic 2, a perusal of which will clearly 


show the inferiority of the staple feed of Indian 
cattle. 

TABLIC 2. 


Straws vers 

CS COLTIVATED 

okek.n 

FODpERS 

(Per 

100 lb 

. dry materials 

0 


J‘‘ee<Iilig .stiilt-i. ! 

! 

: (u 

' 

1 S 

'« 4-* 

A-i 


Li 

J: 

a 

■ . 

■ n-2u 

i 112 


.^a 

Q 


E 

S 

X 

a 

j (3 


lb. 

lb. 

lb. 

lb. 

1 

Ragi straw 

0-23 

5503 

1*11 

010 

nil 

Rice straw ' 

0 00 

50-23 

0*40 

0*25 

nil 

Wlieat straw . 

000 

4805 

0*42 

0*05 

j nil 

(ireeii Bajr.i 

1-.U 

59*24 

1*06 

0*42 

1 Moderate 

,, ]Mai/i* .. i 

4-68 

' 07*77 

0*73 

0*03 

1 

„ Juar ‘ 

4-20 

50*27 

0-59 

0*32 

1 >* 

(Uiitiea grass 

5-83 

65*0*) 

0-71 

O-.SO 

Rich 

IClepliant gniss .. i 

3-8.S 

55*39 

0*70 

0*01 

! *• 

Hersceni .. i 

12-Sfi 

59*08 

2*69 

0*04 

j Very rich 


RKCASTIXO of Tine PKESKNT AGRICUI/rURAI, POLICY 

III the foregoing brief account, wc have attempted 
to present the jiroblem of the quantitative as well 
as the tpialitative insufficiency of fixMlstuffs for stock- 
feeding in India. We have indicated also that this 
dual insufficiency can l)c made good only by providing 
more fodder crops of suitable (luality. If the animal 
wealth of India is to l)e restored, the immediate neces- 
sity is a ivitional reca.stiiig of the agricultural policy 
<if the country. *l'he jiresent system t)f extensive 
cash crop production is not only affecting the soil 
but ^s also seriously restricting the adequate produc- 
tion of fodder crops for cattle feeding. This will 
l>c apparent from table 3. 


TABLR X 

ThK supply of dry MATTIU from STKWVS \M> FoDDKR crops, and the RKI.VTIVI- U'RI'A(;K nhVOTKD TO THi:iR Cri.TlVATION IN 

THE M\JOK PROVINCES oF INDIA 


Province. 

1 riry ■ 

1 matter 
from 

•^Iraw etc. 
re.si(lue 
from 

Acreage 

under 

ca.sh 

cro])s. 

Dry 

mnltcr 

from 

culti- 

vated 

fodder 

.Vereage 

under 

ciilli- 

vateil 

foLldcr 

Tolid 

dry 

matter 

produc- 

tion. 

Total 

.'icreago 

under 

cultivation. 

Cattle 

popula- 

tion. 

• 

'Total 
dry 
matter 
available 
per beatl 

Penvntage 
of total 
cultivated 
land devoteil 


i cash 


crop.^. 

crops. 

i 



per day. 

crop pro- 


! (mill. 

(mill. 

(mill. 

(mill. 

1 (mill. 

(mill. 



duetion. 


! tons) 

acres) 

tons) 

acres) 

! loii.s) 

acres) 

(mn]._ 

(lb.) 


Bengal ... * ... 

10*2 

22*6 i 

0*3 

0*2 

i 10*5 

22*8 

25*3 

2*5 

1 

Bihar & Orissa 

9*2 

236 

3*0 

1*8 

j 12*2 

25*4 

21-3 

3*5 

7 

United Provinces . . . 

15*0 

35*0 ; 

6*2 

36 

1 21*8 

38*6 

32*5 

3*9 

9 

Madras 

15*2 

25*4 

0-7 

0-5 

i 15-9 

25*9 

1 24-6 

4*0 

2 

C. P. ife Berar 

70 

19*7 

1 0*9 

00 

i 

1 20*3 

1 13*8 ! 

3*5 

3 

Bombay 

8*6 

19-6 

4*9 

•2*8 

’ 13*5 

22*4 

10*0 

8-0 

13 

Punjab 

90 1 

20*8 ^ 

! 

' 10*8 

6*2 

i 19*8 

28*0 

15*8 

8*0 

22 
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From the above table, -it will be seen that the 
percentage of total arable acreage devoted to fodder 
crop cultivation in provinces like Bengal, Madras, 
and C. P. and Herar is very small, varying from i 
to 3, in Bihar and Orissii 7, in the U. P. 9, in Bombay 
13 and in the Punjab 22, while the percentage for 
the whole of India is barely 5. The scarcity of 
fodder crops in certain provinces of India is more 
glaringly evident when we attempt to show the 
density of cattle population per unit acreage of cul- 
tivated fodder crop. This is set out in table 4 

TAIUvP. 4. 

NT^MBER or rMTl.li IM<;k acre or CUI.TIVAThO rODOloK CKr>l' IN 

TIIK MAJOR I'ROVINCMS OE TNOIA 

Province. 

Punjab 
Bombay 
U. P. ‘ 

Bihar Sr Orissa 
C. P. Sr Berar . 

Madras 
Bengal 

The primary demand in the new agricultural 
policy which we envisage will therefore be firstly, to 
open up fresh arable acreage for cultivating suitable 
non-lcguminous and leguminous fodder crops ; and 
secondly to restrict cash crop cultivation and to 
reserve a significant area for growing leguminous 
forages. In a long range policy, this reservation of 
acreage is bound to justify itself on many grounds. 
A larger production of legume fodder wilf not only 
increase the ideal food for livestock but, because of 
their peculiar virtue, legumes will also enhance 'the 
fertility of the soil. The increased soil fertility will 
thus be achieved in yet another indirect way. The 
extra forages consumed by cattle will return to the 
soil in the form of manure provided we adopt a 
system of mixed farming. With the return of ferti- 


No. of cctlUe 
f>cr acre. 

2 

0 

... 12 
... 2.1 
... 49 

... 126 


lity, there will no longer be any necessity for the 
extensive system of cultivation ; the farmer should 
get all the cash crops he requires within a smaller 
acreage under an intensive system of production. ' 
Finally, will not a fertile soil confer a better quality 
on dry roughages such as straw and hhoosa which 
can never be entirely ousted from the dietary of 
livestock ? 

• 

While the overhauling of the existing agricul- 
tural practice is of urgent necessity, the task of 
acliicving this will be in no way an c^sy one ; in fad 
in some provinces it will be of extremd difficulty. 
In support of this view reference may be made to 
column 9 of table 3, w hich shows the total dry matter 
available per head of cattle per day. If we accept 
as suggested earlier, S lb. as the standard of dry 
matter requirement for an animal of 400 lb. live 
weight, the position regarding available food- 
supplies in most of the major provinces with the 
exception of the Punjab and Bombay is indeed 
serious. In view of the fact that there is at present 
no economical method of conserving pasture grasses 
which grow in considerable abundance during the 
monsoon period, the cattle population larg;cly depemls 
for its food-supply on cultivated dry roughages and 
in a smaller degree on fodder crops. Kven if we 
assume that pasture grasses contribute at least 25 pc-r 
cent, of the dry matter reciuirement, the available 
supply is not very significantly improved, as can 
be seen from table 5. * 

A study of table 5 shows that in most of the 
deficient provinces, an additional acreage, about 20 
per cent of the existing total, is required to grow the 
necessary extra (juantity of fodder crops. In Bengal, 
the additional uquirement is 43 per cent., a figure 
which is indeed very high considering the density 
of the hmnan population. 


TABLR 5. 
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Bengal 

2-5 

2 

4-5 

3*5 

23'3 

14-7 

9-8 

43 

Bihar & Orissa 

! 35 

2 

5-5 

2-5 

21-3 

8-7 

5-2 

20 

U. P. 

j 3-9 

2 

i 5-9 

21 

32-5 

11-7 

6-8 

18 

Madras 

4-0 

2 

60 

• 20 

24-6 

80 

5-7 

22 

C. P. & Berar 

3'5 

2 

5-5 

2-5 

13-8 

5-7 

3*8 

19 



Summary ani> Conclusion 

, The ullimate object of crop planning is the 
improvement of national health and prosperity. In 
a country such as India, successful crop planning is 
intimately associated with a healthy livestock 
industry. 

In order to ensure the o[)timnin conditions in 
our livestock industry, wc nuist he able to provide 
sufficient food of recpiisite quality for our animals. 
This is not .available at the present moment. It has 
been found that wc can .supply only 55 per cent, of the 
requirement from our organised crop production and 
that the supply is very poor in nutritive value. 
Owing to this insufficiency both of quantity and 
quality, a number of problems have arisen which may 
be summarised as follows: 

1. The productive efficiency of Indian cattle 
is systematically deteriorating owing to the prevalence 
of various types of under- and malnutrition. 

2. For the restoration of productive ability, it 
is imperative to provide more food in the fonn of 
g(KKl quality’ fodder crops. 

3. The increase in the fodder crop production 
can be achieved only partly by improvement in the 
methods of agriculture which may effect increase in 
llic yield per acre. 

4. The major quantity of necessary fodder pro- 
<1 action, however, can be achieved only by devoting 
more land for fodder crop cultivation. This in- 
creased acreage has to come (a) at the expense of 
some of the crops that are now lx:ing grown either 
for human consumption or for non-food cash crops 


for industrial purposes and (6) by bringing extra land 
under cultivation. 

5. The feeding problem must be solved on a 
regional basis. 

*If the extra acreage* is not available for fodder 
production, as is likely to be the case in the thickly 
populated regions of the U. P., liihar and Hengal, 
wc have to consider how far the land which is already 
under cultivation for liuiiiaii fi>od and non-food cash 
crops can be rcapi)roi)riated. It must be understood 
that ill this country, animals and human beings are 
constantly comiicting for the available land and with 
tlic tendency towards an iiu-reasing population, this 
competition will grow even keener. It is true that 
wc have a large number of uneconomic cattle. The 
disposal of surpbis cattle in India is a problem which, 
while demanding urgent attention, is beset with 
many difficulties, lint sooner or later, wc shall have 
to face the problem and a balance has to be struck 
sennewhere to enable us to obtain a population tigure 
commensurable with the food-supply. 

It is probable that ignorance on the part of the 
cultivator has led to the large increase in this un- 
economic cattle iiopulation, which cannot be kept in 
health and proiliiclivily with the existing food-supply. 
'Pile situation has been aggravated by the lack of a 
suitable agricultural i)olicy. So far as the farmer is 
concerned, 4 iis ignorance is perhaps cxcusablo but it 
is the duty of those, who are responsible for India’s 
agricultural polic>', to sec that the crop planning of 
the country not only serves the needs of the bnman 
population but also that of the enormous livestock 
population on which the continued prosperity of the 
agriculturist so largely depends. 
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JT is eighteen years now since the Soviet scientist 

A. (t. Gurvich, at that time professor in the 
Crimean University in Simferopol, began experi- 
ments on the common or garden onion to test 
the scientific hypothesis of cell-division. This 
experiment, simple enough in itself, led to a 
discovery that constituted an entirely new chapter 
in the science of life. 

Professor Gurvich devoted many years to the 
study of the life of the cells, which differentiating 
and multiplying, form a living organism. They 
multiply by division, we know, but how does this 
division take place ? After a long study of this 
problem and thorough analysis of the known facts, 
Professor Gurvich arrived at the conclusion that 
division depends not only upon the complex chemical 
and other processes that continuously go on in the 
cell itself. A moment comes when, filled as it were 
to overflowing with life-force, the cell \s ready to 
multiply. Yet, before this reproduction process can 
take place, some extraneous influence is required ; 
then, and then only, can the cell begin to divide. 
This external factor that supplies the “urge” to split 
up, Professor Gurvich has called the “realization- 
factor”. It must have a vibratory action, in other 
words, it is a (luestion of the influence of radiant 
energy on the mitotic cell. 

This was the hypothesis worked out by Professor 
Gurvich ; it required to be tested by experiment.* 
The presence of radiant energy had to l)e proved. 
In making his experiments he took as his starting- 
point the following premises : if the hypothesis of 
the existence of radiant energy is correct, then the 
plant in which intensive division of cells takes place 
ought to receive a considerable supply of energy from 
outside. But if this is the case, should not the sur- 
plus be releavSed by the plant ? Further, if this flow 
of space energy were to be directed to another plant 
with the power of cell-division, ought not the multi-, 
plication of the cells to be more intensive in parts 
under the action of the rays than in other parts where 


the rays do not reach? If this experiment was 
successful, then the presence of radiant energy would 
liave been established without d doubt. 

Experimental Veripication 

In search of a suitable subject for experiment, 
ProfevSSor Gurvich decided upon the ordinary onion, 
a plant in the roots of which intensive cell-division 
goes on. Ilis idea was that the surplus of radiant 
etiergy, received by the cells of the root, ought to 
escape through the end of it. The cylindrical form 
of the root and conical shape of its extremity ought 
to promote a certain concentration of radiant energy. 
This point was not on any account to be neglected, 
since the intensity of the biological radiation of the 
root would naturally be very feeble. 

Now it was necessary to find an object a 
“detector” — upon which the radiant source could act. 
P'or this purpose Prolessor Gurvich selected the same 
onion, because the cells in the root of the onion are 
arranged very synimetricaily ; if the root were to be 
divided lengthwise, then, each of the halves would 
invariably be found to contain an equal number of 
cells. Therefore, if the radiation evoked a more 
intensive process of division in the side of the detector 
nearest to the source of energy, this would be com- 
paratively easy to observe. It only remained to 
rount and compare the number of cells in the 
irradiated and unradiated halves. 

The root to he used as a detector was placed in 
an upright position in a stand, and the end of the 
root of another onion— the source of irradiation — was 
placed about half a centimetre away in a horizontal 
position. A few hours later the detector was sub- 
jected to examination. It afforded "incontrovertible 
proof of ^Professor Gurvich \s hypothesis. The 
irradiated part of the root was found to contain one- 
and-a-half times as many cells as the section from 
the part that had not received radiant energy. This 
experiment was subsequently repeated a great nun^ber 
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of times and yielded precisely the same positive 
results. 

• Now came the next step, which was to find out 
the nature of the radiant energy. A thin glass parti- 
tion was set up between the detector-rrx)! and the 
source-root. The action of radiant energy on the 
detector was no longer to he oliserved ; it had ceased 
entirely. As soon as the glass partition was replaced 
by one of quartz, intensive cell-division began in the 
detector. When the quartz partition was covered 
with a thin^ filiA of gelatine, cell-division was once 
more interrupted. TJie rays obviously could not 
penetrate glass or gelatine, but easily iienetrated 
(juartz. 

Professor Clurvich called these mitoi^cnctic rays 
(rays promoting cell-division). The problem that 
interested him was whether the mitogenetic rays dis- 
covered in the onion-root were ultra-violet rays, lu 
that case the same efiecl of cell-division should lx; 
l>roduced in the detector not only by the biological 
source (the root), but also by a physical source of 
ultra-violet irradiation. Ultra-violet rays coming out 
from the flayic of an arc were made to pass through 
an ordinary (juarlz spectrograph ; and the r<x>t of the 
onion was subjected to the action of different parts 
of the spectrum. Cell-multiplication was found to 
lake i)lace only under the influence of ultra-violet 

rays of a definite wavelength. 

• 

As the experiments on the mitogenetic rays 
developed, the results became more and more fasci- 
nating. It appeared that they were not produced by 
the onion-root alone ; the same power of irradiation 
was discovered in the most widely-differing objects of 
the vegetable and animal world. Holh the root and 
the base of the onion, the root of string-lx-ans, the 
first leaves of the sunflower, the vascular-fibroid 
clusters of potatoes — all have the power of radiation. 
It is also common to some rudimentary organisms 
like infusoria, bacteria, and yeast and mildew fungi. 
At certain stages of development frog-embryos, parts 
of sea-animals, etc., have the same power. The 
tissues, blood, marrow of the lx)iies, nerves and 
spleen, the cornea of the eyes, and the sperm of 
animals, give off these rays, which have been found 
to promote rajfid growth in the seed of certain plants. 
Under their influence the larvic of nios(iuitoes mature 
much sooner and some sea animals produce embryos 
of non-viable deformities, of which the cavities are 
over-brimming with cells of a definite kind. Further, 
it was found that mitogenetic irradiation renders 


certain animal tissues and organs permeable. Where 
the liver of a mouse is placed in a special nutritive 
solution and subjected to radiation, certain substances 
such as phosphorus, sugar, etc., are given off by 
the liver, as will lx; seen by examination of the 
solution. On the other hand, a liver placed in the 
siimc solution, without l)eing subjected to radiation, 
d(H;s not produce these substances or at the best, 
produces them in very small quantities. It appears, 
then, that mitogenetic rays have rendered the tissues 
of the liver permeable, and forced the organ to 
open, so to speak, and release part of the .substances 
it contains. 

Professor Ourvicli has established the fact that 
in organisms irradiation is a characteristic of the 
metabolic' jatx'ess. The chemical changes that take 
place during iiicla holism is acc«)iiipaiiied by the 
release of a certain amount of energy, including ultra- 
violet rays. Irradiation is a characteristic of the 
various chemical processes taking place during lueta- 
iM.disin. The most fundamental of these are the 
processes of oxidation, disintegration of the albumins 
and carlx)ns. 

vSince irradiatiem is characteristic of the organic 
chemical reactions accompanying the release of 
energy, the question arises whether it is possible to 
find it in similar non-organic reactions? A simple 
experiment was devised, nclinite inorganic chemical 
reactions were produced in a vessel with a (jnartz side 
close to which a yeast iletector instead of the onion 
used in the beginning was placed. It ai>peared that 
reactions of an inorganic nature did actually produce 
mitogenetic radiation. It was also discovered during 
electrolysis of water, wdiere there was interaction of 
acids and lye.^, wdiere metals were dissolved in acid, 
where common salt was dissolved in water, etc. 
Thus, mitogenetic irradiatiem is a phenomenon to lx; 
observed not only in the organic, but in the inorganic 
world as well. 

Bioi.og ic.\ I. I Jtii.it Y 

A dog was given food containing an abundance 
of albumins. Then the food was extracted from the 
stomach and placed without delay in a quartz vessel 
that .stood at the opening of the spectrograph. The 
digestive proce.ss and, consctiiiently, irradiation, was 
still going on in the fixxl. Yeast detectors were 
jilaced before the screen on which the spectrum of 
mitogenetic radiation was allowed to fall. It was 
found that not all detectors, hut only some, react to 
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albumin radiation. Then the source of radiation was 
changed ; the muscles of a frog stimulated by an 
electric current, were put Ijcfore the spectrograph. 
Stimulation brought the muscles into action and the 
process of* disintegration of the carbons gave out 
radiation. The latter, when it passed through the 
spectrograph, produced a response in a definite group 
of detectors. Thus it appears that the lines in the 
si)ectrum alter according to the nature of the chemical 
reaction producing radiation. The radiation pro- 
duced by albumin-disintegration has its own set of 
lines in the spectrum, the radiation of carbon-disinte- 
gration another set and so on. If any mitogenetic 
radiation is subjected to spectral analysis, the nature 
of the chemical reaction evoking this radiation can be 
established, and, consequently, the chemical reaction 
taking place in the irradiated organic object. 

This discovery is of the greatest importance, for 
it opens up new possibilities for research in processes 
taking place in the living organism. Up to the 
present, science had to be content with studying the 
consc(j[uences, rather than the actual cour.se of pro- 
cesses in the living organism. For example, the 
blood of an animal had first to be extracted from 
the blood- ve.ssel l)efore it could be examined. It 
often happened that only the dross, the dead and not 
the living organisms, the results and not the move- 
ment and interaction of substances in the organism, 
were all that could be obtained for .study. Now% 
however, it will be po.ssible to make thorough and 
close observation of the life-processes as they take 
place and develop. The blood that circulates 
through the system of blood-ves.sels, irradiates 
through the walls of the vessels. Spectral analysis 
of this radiation will suffice to enable one to form an 
idea of the chemical transformations taking place in 
the blood. Since the chemistry of the blood is 
extremely sensitive to the slightest disturbance of 
the normal activity of the organism, this new method 
of examining it by mitogenetic spectral analysis can 
yield very rich and exact data. 

Further study of the nature of mitogenetic radia- 
tion has shown that it is not always equal, but depends 
upon the nature of the external stimulation of the 
nerve. A blow on any part of the body evokes in 
the nerve a certain kind of chemical reaction (and, 
consequently, irradiation), an electric shock another 
kind of reaction, and so on. The chemical reaction 
of the visual nerve of a frog alters according to the 
colour of the source from which the eye is irradiated. 
In normal conditions, the cornea of a rabbit’s eye 


produces a species of radiation typical in the case of 
disintegration of carl)ons. But as soon as the rabbit 
suffers from hunger, and the animars body begins 
to show a slight decrease in weight, the nature of 
radiation of the cornea alters its character ; it now 
l)ecomes irradiation of albumin-disintegration. The 
organism begins to live on its own resources and the 
outward sign of this is the irradiation of the cornea 
through the spectrograph. 

Thkrapeutic U.SE ' • 

< 

The above gives a general idea and a few of the 
results of Professor Gurvich’s researches. It may be 
asked if this discovery has any practical importance, 
l^eyond its interest as a purely scientific problem. 

It is difficult at present to give an adequate 
reply, but the experiments made by Soviet scientists 
have shown that mitogenetic radiation and its spectral 
analysis may become a new weapon in the fight 
against fatal disea.ses like cancer. The- cause of this 
disease has not yet been established with certainty, 
but it is known that the cells of an organ affected by 
cancer cease to perform their useful functions. They 
multiply wdth great rapidity, corrupt the healthy 
tissues around them, absorb all the juices of the 
organism, exhaust it ami ultimately destroy it. 

The principal method of treatment is •surgical 
operation. The success of this depends to a great 
extent on early diagnosis. Cancer is very difficult to 
detect. Little by little, almost im perceptively, it 
gains a hold on the organism, and it frequently 
happens that the doctor is only able to diagnose it 
after the most favourable time for its treatment has 
passed. So the tumour has time to poison the 
organism, set up new centres of disease in it ; then 
treatment, if not entirely hopele.ss, is attended by 
,grpat risk. Thus it will be clear that as early 
diagnosis is of the utmost importance in cancer, 
mitogenetic radiation ought to be of great use. 

It has been discovered that a cancerous tumour 
is an extraordinarily powerful source of radiation, 
from five to ten times stronger than blood. It is 
evident from experiments that the irradiating organs 
of the human body, if subjected to prolonged 
‘‘opposing” fiction from a powerful source, are 
temporarily deprived of their irradiative properties. 
«This is not the case with a cancerous tumour ; its 
irradiative power can be neither controlled nor modi- 
fied. At the same , time, another important pheno-‘ 
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nienon is to be observed : the blood of the organism 
attacked by cancer ceases to irradiate. This is 
explained by the fact that the tumour releases 
into the blood a substance that quells or 
“extinguishes” its radiation. Professor Gurvich has 
called this an “extinguisher”, and some of its pro- 
perties have already been determined. For instance, 
it has the power to multiply or enrich itself in the 
blood. It can lx; extracted from the blood in a solu- 
tion of lye and in this form it continues to extinguish 
the irradiation of the blood, and is active even where 
a very weak concentration of it one part to a 
thou.sand parts c)f the •irradiated object is present. 

The discovery of this extinguisher permitted 
Professor Gurvich to test once more the inllucnce of 
mitogenetic radiation on cell-reproduction. As soon 
the extinguisher was introduced into a yeast-culture, 
it ceased not only to irradiate hut also to reproduce. 
But, scarcely had this culture been subjected once 
more to the action of radiation than its own powers 
of irradiation and reproduction were restored. 

The knowledge that the blood of a cancerous 
patient ceases to irradiate promises medical science 
a means of detecting cancer in its early stages. 
Cases have been known when a sample of blood 
subjected to irradiation established the fact that a 
patient was suffering from cancer, though doctors 
who had etnplo>'ed other methods of diagnosis had 
found no •symptoms whatsoever. Nevertheless, this 
new method has its drawbacks. For it is not only in 
cases of cancer that blood ceases to irradiate ; the 
same thing may occur in the case of fatigue, or in 
old age, and in certain mental disorders. Doubts, 
therefore, may always arise regarding the true causes 
of this phenomenon. The extinguisher yields much 
more convincing proofs. Since it is found only in 
the blood of patients sufTering from cancer, there is 
only one explanation of its presence. The blood of 
a patient suspected to be sulTering from cancer is 
placed near a reliable source of irradiation. If the 
source is “extinguished”, then the extinguisher 
must have been present in the blood and, con- 
sequently, the patient whose blood is subjected to 
this test is undoubtedly suffering from cancer. This 


method has been applied in several of the clinics of 
the U.S.S.R. with extremely promising results. It 
is, of course, still being tested, and if in future it 
yields results as successful as those obtained so far, 
medicine will have gained a new means of recognizing 

cancer in its early stages. 

« 

It should lx; pointed out here that as soon as the 
cancerous tumour has been completely eradicated 
from the organism, irradiation of the blood begins 
once more. This renders it possible to determine 
with certainty whether the organism has been 
entirely cleared of cancer by the operation, or 
whether some hitheilo undiscovered seat of disease 
still remains. To realize the full importance of this 
discovery it will be sufficient to rememlier how 
dangerous a relai)se can be in the ca.se of cancer. 

Mitogenetic radiation promises new methods of 
treatment for certain mental di.sorders as well. A 
Leningrad jisychiatrist, Dr Braitiess has discovcretl 
that the blood of patients suffering from some severe 
mania possesses great i>ower of irradiation, while the 
blood of schi/o[)hrenics has very little. After 
observing a nunibei of cases Dr Brainess arrived at 
the conclusion that the traiisfii.si<.)n of a very small 
ijuantity of blood from a mania-patient to a schi/o- 
phreiiic has a beneficial effect on the latter. Experi- 
ments proved the correctness of bis theory. As is 
well known, schizophrenic jiatieiits are habitually 
depressed aftd low-spirited. Now, after they have 
been given a blood-transfusion tlic Idood of a mania- 
palieni being employed their ai>petite, formerly 
very poor, improves at once, and they begin to take 
more interest in what is going on around them. 

The discovery of mitogenetic radiation has 
aroused great interest not only among biologists, but 
also in kindred branches of .science. Both in 
Professor (iiirviclPs central lalioratory in Leningrad 
ifiid in other scientific institutes in the U.S.S.R. 
further study of this ])roblem and its practical appli- 
cation is being carried on. There is reason to hope 
that it will enrich scieqcc with new and more 
effective wcaixms to light for the health and longe- 
vitv of man. 
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rjlHE total iiunibcr of dements in this universe i*'- 
known to he ninety-two. It has been an old 
<luestion, why no elements beyond ninety-two have 
l)cen found in Nature? Has the numlxjr ninety-two 
any maj^ical sij^nilicance as was ascribed to the 
number seven by the mystery-loving ancients, with- 
out any reason whatsoever? Fermi, an Italian 
physicist reflected about these questions and thoUKht 
of outwittinj*: Nature by smuggling a neutron into 
the nucleus of Uranium, thus forming a nucleus of 
weight 239 and looking for the conse(iuences. It 
was a perfectly feasible procedure as the neutron, 
having no charge, has no shyness for the nucleus. 
P'ermi found that several new products were formed 
all etnitting / 3 -rays ; these were separated by chemi- 
cal methods, and were found to possess properties 
which could, with certain amount of plausibility, be 
ascril^ed to elements 03 (ekarheiiium), Q5» 

g6 (ekaplatinum). It was argued that nucleus of 

weight 239^ was short - 


,oUr”* 4 n = „2Ur='^ 


,,Kka 


,.,.Kka 


,,Rka Ir^»’ 


,«Kka Pt* 


lived, emitted / 3 -rav 
and l^ecame dement 
ninety-three, which in 
turn emitted another 
/ 3 -ray, and became Q^|, 
which is likewise un- 
stable and the 

chain was continued till 
ninety-six (ekaplati- 
nuni) was reached. 


But the very success «if the experiments excited 
a certain amount of distrust. Other workers notably 
Hahn of Berlin, a celebrated worker in radioactivity 
stepped in and found that the numl^r of new pro- 
ducts was much larger, in fact Hahn identified nine 
distinct jS-ray emitting products. One of the.se pro- 
ducts was invCvStigated by Curie and vSavitch for its 
chemical properties, and though it was found to 
resemble to some extent the hypothetical clement 89 
in its properties, the similarity was found to be morej 


• Based on a lecture delivered by the niithor on March 
26, 1941, before the Indian Physical’ Society. 


pronounced with lighter clement lanthanum. No. 37. 
Following this work Hahn and' hi^ co-workers 
showed that some of products; appeared to have the 
chemical projxfitics of radium (88). But how could 
radium l)e prcxluced at all in this class of reaction? 
Radium is element No. 88, and it could be pro- 
duced only if the nucleus 92, or any hyi)otheli- 
cal higher element produced on neutron bombard- 
ment, emitted alpha -particles and proton simultane- 
ously or successively. This was not considered pro- 
bable, at least no alpha-particle or proton could be 
detected, even after prolonged work. So Hahn and 
Stressemann licgan to doubt whether the radium - 
like products were at all radium ; might not they be 
lower homologue of radium, c.g., 'the common 
clement barium, No. 56 which is very similar to 
radium in all its properties ? The thought was given 
a trial and after a scries of experiments requiring 
chemists* skill of the highest order, it was found that 
some of the products obtained by l\>Tnbarding 
uranium with neutrons were undoubtedly barium 
nuclei. 

This was a startling revelation. The element 
uranium is Number 92, while barium which is 
formed from it is Number .s6. IIow can we ect 
I)arium out of uranium at all ? The explanation was 
almost forced upon the investigators that as a result 
of the impact of the neutron, the nucleus breaks 
up into two halves, one having the atomic number 
56 and therefore the other probably having the atomic 
number 36 or 37. It may l>c emphasized, as will 
be elucidated presently, that the neutron which starts 
the |)roccss, need not necessarily be a ‘high energy* 
one. Kven small energy neutrons are capable of 
starting the reaction, which is therefore to some 
extent conditioned by something inherent in the 
properties of the uranium nucleus ftself, or as was 
subsequently shown, of some of the other heaviest 
nuclei (e.g., thorium and protactinium). Nuclei 
lighter than these have not yet shown the effect. 
We, therefore, conclude that the heaviest nuclei, parti- 
cularly the uranium nucleus, possess to some cxtpnt 
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latent instability in their structure, can divide itself 
on the slightest provocation, like some biological 
cells, into two distinct nuclei ; the A-product having 
an atomic number varying from 50 to 60, the other, 
the B-product having an atomic number which varies 
from 35 to 42- 


In the nucleus, the struggle is between the forces 
which keei) nuclear particles together, and the 
electrical forces of repulsion. The nucleus is 
naturally in a state of agitation owing to the large 
forces of repulsion and as a neutron appr'oaches it 
exerts a kind of trigger action which make the two 


y liicoinink Neutron 
S3 Ur nueleus 



A diagrammatic sketch of the process of uranium 
fission is shown in figure i. The uranium nucleus 
is shown, not as a spherical body, but as a 
dumbell-shaped one. The total charge ‘92’ is dis- 
tributed amongst the two spheres constituting the 
clumbell. In fact, Bohr compares the nucleus to a 
drop of liquid which, when highly charged, gets 
deformed, is set into violent vibration, and ultimately 
breaks up into two fragments. In a liquid drop, the 
^^Iruggle is between the surface forces of attraction 
and, the repulsive forces due to the electrical charge. 


parts fly asunder. As predicted by Bohr, it is the 
rare isotope U*” occurring in common uranium of 
atomic weight 238 in the proportion of 1 : 1 37 » 
which most of the fission activity is to be ascribed. 
It has been also found that at the time of rupture, 
a few neutrons (variously estimated at 2 to 3 per 
fission) are also emitted. 

Fission Fragments and Chain ok /3-ray Products 

The two initial fractions A and B have charges 
varying from 50 to 56, and 42 to 36 respectively. 
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The total mass 235 is lessened by the number of 
neutrons emitted ; hence the mass of the remainder, 
say, 230 is distributed between the two fragments. 
We have as yet no precise knowledge of the exact 
masses and charges of the fission-products at the 
moment when the fission takes place but let us 
denote them by Mj and Z^, and Zj. From 
examination of fission products, it has been found 
that M, may vary from 127 to 143, and Ma from 88 
to 100 (this limit is indefinite). But a nucleus of 
this type is unknown in Nature. It has too small 
a charge for the given mass to be stable. For 
example, as far as we can see at the present times, 
one of the direct A-products, has a charge of 51, 
and mass of 133. Now in Nature, we have the 
following isotopes of Numlxjr 51, antimony. 

.'.ivSb T21 123 

56 44 

(The numbers on the upper line denote the weight, 
and those on the lower line the percentage of occur- 
rence of the corresponding mass in a sample of 
the atom). 

'fhe A-product, .,ivSb^*^ is too heavy to be stable, 
it emits an electron (^-particle) and Ixicomes ^aTc^’* ; 
this also does not occur amongst the known stable 
isotopes of Te, which are 


jTe 120 122 

123 

124 

125 

126 

128 

130 

’I 2 ’Q 

t’6 

4*5 

6 

TQ 

5 ^! 


The :,;re‘” 

, therefore, 

emits 

a 

P-ray, 

and 


becomes F*’ and the chain of i 3 -emitting 

products goes on till we land at the stable isotope 
Altogether four successive ^-emissions have 
taken place in this chain. The instability due to the 
excess of mass in the fragments is compensated by 
increase in charge due to successive emission ^f 
^-rays. 

So far, as many as nine sets of A-products having 
masses from 127 to 143^ have been discovered, as 
shown in Fig. i, and the successive chain of decay 
products have been traced satisfactorily. Curiously 
enough, they all appear to have odd mass numbers. 
Probably there are also even-mass numbered products 
amongst the A-fragments, but these appear to be 
stable and therefore appear so far to have escaped 
detection. The B-products have not been so far 
much investigated ; the chains which have been 
definitely traced are shown in Fig. i, but Japanese 


and American workers have reported Pd, Ag, and 
others to be present among B-products. 

Energetics ok Uranium Fission 

The energetics of uranium fission have proved 
to be quite as interesting as the process itself, and 
opens up an alluring field of speculation on energy 
production. ‘ 

It was surmised from some theoretical considera- 
tions that the fission products should separate from 
each other with energies amounting tb as much as 
180 million electron volts on*" the average. The con- 
clusion follows from certain empirical formulae 
enunciated by Bethe and Weisiicker which lays down 
the conditions of the stability of nuclei having tin- 
mass number M and the charge number Z. Accord- 
ing to this speculation, the uranium nucleus is found 
to be somewhat heavier than the products of fission 
taken together. The excess mass should therefore, 
according to Einstein’s principle of equivalence of 
mass and energy, appear as the kinetic energy of 
separation of the fission products. The paths of 
the fis.sion fragments have Ix'cn ^ photographed 
in a stiecially designed Wilson Chamber and 
from the range and ionisation, it is possible to 
calculate the energy of each fragment. It is found 
that on the average, the energy with which the 
particles fly apart amounts to 180 Mev. thus con- 
firming the theoretical prediction. Tliis is an 
abnormally high figure and the discovery opens up 
a new vision of energy-production, which is extremely 
exciting. 

Let us therefore compare the possibilities of this 
process wuh the usual thermal methods used in 
industry. All these methods employ in one form or 
other the burning or to use scientific language, the 
combustion of coal. The energetics arc : 

C f 02 = C02 + q 8 Kcal. 

i.e., 12 gms. of coal, on complete combustion gives 
us 98 Kcal, i.e., the heat energy available is 8 Kcal 
per gm. of coal consumed. 

In the present reaction, we have 
U + n=A + B+i8o Mev. 

When we convert the relation to energy produc- 
tion per gm. of uranium fissioned we obtain : 

238 gms of Ur gives us 

^ 4 ^ X 6 X 10 ^* 

300x4*2 X 10^ 

=4*1 X lo* Kcal. 
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This gives us an energy production of nearly 
1-7x10’ Kcal per gni. of uranium consumed, i.e., 
hy fissioning completely one gm. of uranium, U'e 
obtain as much energy as is obtained by burning 
about 2 Ions of coal (2 x jo® gms.) 

At the present time, every civilized country has 
to husband her tX)\ver-resources and orj^anise produc- 
tion and supply of energy for the whole country. 
According to nuHlern standards, a civilized man 
should have at his disposal i<Soo units of energy i)er 
year ; barely 4 pw cent, of the amount is available 
from human labour, yiie rest must be produced 
from coal, water power, or petrol. Thus England 
produced and consumed in 193Q nearly 25,000 
million units of electrical energy and this was 
obtained by burning 40 million tons of coal (efficiency 
of conversion of heat to mechanical work is taken to 
l)e 30 per cent.). In addition to this, 60 to 80 million 
Ions of coal were directly used in steam engines of 
all descriptions for i)roducing energy, bet us ponder 
over the huge organisation and construction work 
reijuired for generation and distribution of this huge 
amount of energy, hirst of all, nearly 100 million 
Ions of coal have to be mined each year in Great 
Britain for power generation this requires a capital 
iiive,slment of hundreds of millions of sterling, and 
employment of millions of labourers for working the 
mines. The coal has to be burned in bo supersta- 
lions located in dilTerent parts of the United King- 
dom, and clistributed by thousands of miles of wire 
lo substations in the principal cities ; from these 
substations, they arc distributed by licensed under- 
takers to the individual consumers in the city. 'I'he 
total capital involved in electrical undertakings is 
nearly 400 to 500 million pounds, and number of 
men employed in various capacities amount to nearly 
a million. 

Now let us find out the amount of uranium 
whose fission will give us an equal amount of electri- 
cal energy. If we take a culxi of uranium oxide (4*2 
tons) the form in which uranium usually occurs, each 
side being one metre, then provided the whole 
amount of uranium contained in it can be made to 
undergo fission, the amount of heat produced will 
amount to nearly 5*8 x lo^'"* Kcal. If wc succeed in 
converting 40 per cent, of this heat to useful work, 
we shall get nearly 25,000 million units of electrical 
energy i.e., a cube of UrgOg one meter on each side 
(weight 4' 2 tons) will give us as tnuch energy as 40 
million tons of coal. 

The calculation raises a lot of speculations but 
the 'main question is whether the scheme can ever 


Ixi a practical one. The first difficulty is the assumed 
cent. -per-cent, fission of uranium. Under the present 
experimental conditions, the efficiency of fission is 
extremely slight. It is estimated that hardly one in 
lo’*^ neutrons hurled at uranium succeed in causing 
fis.sioii in Ur“'’®, and probjbl}^ one in lo'^ neutrons 
in Ur'*''*’. Most of the neutrons, therefore, pass out 
iniKK'cntly and are lost to us, without causing any 
damage to the uranium mineral. But cannot a 
process be discovered analogous to chain reactions in 
chemistry? bet us contrast this i)roccss with the 
case of combustion of coal. Here by raising a small 
amount to the i>roper Icmperalure, vve ignite the coal, 
then combustion of the remaining part goes on auto- 
matically, provided the supply of oxygen is assured. 
The heat liberated in the initial coml)ustion, is 
sufficient to raise the next lying parts to a sufficient 
temperature, ensuring the reaction to proceed on with 
sufficient velocity. Can we have a somewhat similar 
process in uranium fission ? Sni)po.se wc have a cube 
of uranium oxide, and in the centre, we i)ut a con- 
stant source of neutrons (say a Ra-Be source). Under 
the present conditions of working most of the 
neutrons will pass out without causing any damage. 
They must, therefore, be .slowed down. This can be 
easily done by mixing up paraffin intimately with 
uranium or taking \irauium hydride or dcuteride ; 
but slow neutrons ai)pear lo be able to react only on 
Ur*"'’ which occurs in ordinary Ur in the proportion 
of 1 in 137. •However, with the di.scovery of the new 
metijod of sei)aration of isotopes by the process of 
Iherm^-difl’usion, complete isolation of Ur“’*‘’‘ appears 
to be within the range of practical possibility. In 
fact, a Swedish engineer was rej^orted to be actively 
engagcil in carrying out this separation. But even 
when we experiment with a paraffined Idock of Ur“'^'\ 
or a hydride or deuteride of U”’’’, with a neutron 
gun inside it, not more than a small number of 
neutrons can actually l)e eflective in producing 
‘Mission’. But in each process of llssioti 2 to 3 
fresh neutrons are produced, and these may cause 
further fis.sion. We have, therefore, the possibility 
of having a chain reaction^ but the practicability of 
the idea can l>e only gauged when experiments have 
been actually carried out. Ibxi)eritiients of this kind 
are being carried out in Germany, but no knowledge 
of progress on these lines is available. 

The above process, if it can ever be perfected, 
can give us an enormous amount of heat. This must 
ifbt be allowed to occur with explosive violence but 
should be sufficiently slowed down. After these pro- 
blems are solved and wc get a steady supply of heat. 
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we can utilize it to feed our machinery for the 
conversion of heat to electrical energy. So if the 
efficiency of fission process can be improved, coal 
mining would be rendered obsolete, but the present 
system of power engineering would, as far as we 
can see, remain unaltered. 

It is also quite possible that process may be 
discovered which would render the reactions to 
proceed with explosive violence. At the present time, 
nearly several tons of explosives are required to sink 
a Super-Dreadnought. About lo million kilocalories, 
or lo* units of energy (Kw) have to be generated 


within one hundredth of a second. For getting this 
energy, we have to detonate a ton of trinitrotoluol, 
or cordite within a fraction of a second. But thjs 
amount of energy is available from the complete 
fission of only a gm. of uranium. But it is still a 
far cry whether the whole amount can be liberated 
within a fraction of a second. Still the idea that a 
tablet of Ur*”, not morci than a homoeopathic 
globule in size, may blow off a mighty Super-Dread- 
nought — a feat which can at the present time be per- 
formed only by a torpedo carrying several tons of 
explosives in its head— cannot but be aif‘ exciting one. 


GLASS FIBRES AND TEXTILES 

According to the December issue of the Fibres and Fabrics Monthly, the use of glass fibres in the 
United Kingdom has been so far chiefly concerned with insulating purposes, but in the United Slates and 
Canada these fibres arc entering a wider field, and, indeed have entered the textile industry proper, being 
employed in the making of neckties, bedspreads, tablecloths and lamp-shades. It is not difficult to visua- 
lise their use in the last named connection : as substitutes for household linen the task is not easy. Appa- 
rently also glass fibre awnings are being made for use outside of houses, it being stressed that cleaning the 
awnings is simply a matter of turning on the hose-pipe. It is claimed with regard to the neckties that 
they arc stain-proof, burn-proof, fade-proof and wrinkle-proof and arc available in 45 different colour 
combinations. 


— With acknowledgment lo Bulletin of the Indian 
Central Jute Committee. 



PLANT AND ANIMAL NUTRITION IN RELATION TO 
NATIONAL NUTRITION AND HEALTH'^ 


J 3 LANTS arc the chief sources of nutrition and 

energy both for human beings and animals. The 
ability of plants to manufacture foocl of the right kind, 
therefore, is a matter of importance in the nutritional 
economy of man. During recent years considerable 
interest has grown ip the subject of quality in crops 
from the point of view of nutrition. Differences in 
quality may lie in the amount and nature of 
vitamins present, the biological value of proteins, the 
presence of certain essential mineral elements, apart 
from the major food constituents -carbohydrates, 
proteins and fats. In fact it has now been recognised 
that even minor differences in the mineral compo- 
sition of plants resulting from certain environments 
may lead to profound effects on the health and nutri- 
tion of both* men and animals. 

As early as 1925-26 the author instituted experi- 
ments to determine the effect of certain treatments 
on the composition and nutritive value of common 
crops with striking results. Organic manures influ- 
enced the nutritive value of the plant as well as the 
seed and the content of acces.sory food factors of both. 
Continuing these experiments the interesting fact 
was established that the nutrition of the mother plant 
influenced the (luality of the seed with respect to 
subsequent crop production. Cattle manures pro- 
duced crops of superior nutritive value as comparctl 
with those which have had no maniirial treaimciit or 
only treated with artilicial fertilizers. Numerous 
reports now available in the literature corroborate 
these findings speciflcally for vitamin Ri and vitamin 
C content. 

The superiority of organic manures was ascribed* 
by the author to auximones or vilaiuin-like growth 
factors contained in these. 'I'his was soon after 
established by the isolation of three plant growth 
factors by Kogl and liis a.ssociatcs, viz., auxin-<i, 
auxin-iS and hetero-auxin, the last being identical with 


/^-indolyl acetic acid, and all lx?ing present in organic 
manures. Since their isolation in 1955, auxins have 
provided an interesting field of research and several 
hundreds of papers have appeared in the literature 
dealing with various aspects of the subject. The 
role of micro-organisms in stimulatiiig growth of 
l)lant also appears to be due to hetero-auxins they 
contain. An interesting finding is the growth stimu- 
lating effect of thiamin and the appreciable amount 
in which it is found to be present in organic manures. 

While agricultural scientists are engaged in 
breeding crops of high yields, it is desirable in the 
interest of n.itional nutrition to combine high yields 
with high protein content. Ociierally experience 
shows that high yield and low nitrogen content go 
together. Possibly with selection and suitable 
manuring high yields with high protein content can 
be secured. It may be possililo through improving 
the yield of high-protein varieties. 

In this growing knowledge of the value of 
manures and fertilizers for the iiroduction of food for 
men and animals the most significant advance has 
been thi 5 new interpretation of the role of organic 
•natter in plant iiuliitiun. Under conditions of hot 
dry. periods of considerable duration and on soils 
wulh extremes in texture, and soils deficient in organic 
matter, such as exist largely in India, organic 
niaiiures are of special significance. Alx:mt 25 years 
.ago mineral fertilizers seemed to have .solved the 
problem of agricultural producti«m. These develop- 
ments in our knowledge have once more awakened the 
agricultural world to the value of organic manures. 

B. A. 

* Abriilgi-d from Rao HAIiadtir R. Viswaiiath’s presidential 
address before, the Section of Chemistry .ind Biology at the 
annual inccling of the National Academy of Sciences, on 
l*ebruary 23, 1941. 



PALAEOBOTANY IN INDIA 


WE have received the second progress report of 
work on palaeobotan>» in India which was 
originally printed in the journal of the Indian 
llotanical Society. The report covers the year 1940 
and is arranged under the following sub-headings: 
Carixmiferous, Carboniferous and Permo-Carlx)ni- 
ferous ; rernio- Carboniferous ; Permian ; Triassic ; 
Jurassic ; Cretaceous ( ?) and Tertiary ( ?) ; Creta- 
ceous ( ?) or 'Pertiary ( ?) ; Tertiary ; and Pleistocene. 

Carbonii-krous and Phrmo-Carboniferous 

Mrs Jacob’s work on spores from the Lower 
Condwana of India and Australia is rather compre- 
hensive and describes mostly spores, which vary in 
size and shape and in the presence or absence of 
wings. A continuous series of transitions can be 
traced between the two- winged type of spore and the 
type with one circular wing passing all round the 
spore. 

Per mo-Carbonifkrous 

R. V. Sitholey (Lucknow) from studies of leaf 
fragments of Psygmophyllum Hay deni Seward from 
the Lower Ciondwaiia lieds at Dandlutar i^ the Pir 
Pan jab Range, has been able to attempt to reconstruct 
a leaf-bearing shoot very similar in habit to Ginkgo 
biJoba, although there is no evidence of .short shodts. 

Triassic 

The Triassic flora of the Salt Range is being 
investigated by R. V. Sitholey (Lucknow). Among 
the impressions already obtained (reported last year), 
Equisetites, Sphenoptcris and Cladophlebis have been 
recognised. Hulk maceration has yielded casts of 
several types of large spores with prominent triradiate 
marks. Some of these are being described as new 
species of Triletes, • 

Jurassic 

K. M. Gupta (Surat) has described a well pre- 
served specimen of IVilliamsonia from Khairbani in 
Bihar. Parts of the specimen are seen as impres- 
sions and parts are preserved in a solid form as a 
petrifaction. Imprcjssions left on the rock are closely 


comparable to IP. Seu^ardiana Sahni, with which it 
also shows other points of resemblances. 

Miss Janet (Lucknow) worljing on fragments of 
carlx)naceous state received through D. N. Wadia, 
from Andigama in Ceylon, has recovered a variety 
of microscopic remains of plants and ^nimals. The 
microflora includes several kinds of .spores, some 
cuticles and a few filamentous ‘plants of unknown 
afl[inity, possibly fungus mycelia. The work is still 
at a very early stage. But it is worthy of note as 
the first contribution to our knowledge of fossil micro- 
flora and microfauna of Ceylon. 

Tertiary 

Palaeobotanical evidence for an early Tertiary 
age of the Intertrappean beds of the Deccan is .steadily 
increasing. H. Sahni concluded his Presidential 
address at the Indian Science Congress in 1940 by 
siiying that ‘PVom what we know of the* geological 
history of the stoneworts, the fungi, the water-ferns 
and particularly the palms, which formed such a 
vast proportion of the flora, everything seems to 
point to a Tertiary age. What is more, the lishes 
and the crustaceans, too, seem to fall into li«e with 
the plants”. 

PVom the Intertrappean beds of the Central 
Provinces V. B. vShukla (Nagpur) has described a well 
I>reserved specimen of dicotyledonous wood with a 
structure clo.sely comparable to the modern Casu- 
arina. 

Pl.EIvSTOCENE 

Detailed investigations of C. S. Middlemiss’s 
collections of 1910 from Ludarmang (Pir Panjab 
Range) at the altitude of 10,600 feet and H. de 
Terra’s collections of 1932 from the same locality 
are in progress. More than 40 species belonging to 
30 genera distributed over 22 families of modern 
plants have been described. Quantitatively the best 
represented is Quercus and the great abundance of 
oak leaves suggests the probability of an oak forest 
in the locality. The study of this flora promises far- 
reaching conclusions which are likely to throw light 
*011 the Ice Age in Kashmir. 
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Leonardo Vinci Exhibition at the New York 

^ Museum of Science 

• 

The New York Museum of Science and Industry 
recently arranged an exhibition of the scientific 
achievements of T.eonardo da Vinci, where a collec- 
tion of 275 working models of his more important 
inventions in the realms of science and engineering 
were displayed. The world has known and honoured 
Leonardo da Vinci as one of the greatest artists of 
all ages. Few are aware that his achievements in 
the fields of science, engineering and invention were 
as great as,. if not greater than, that in art, and in 
these spheres he was one or two centuries ahead of 
his time. Though he never publi.shcd anything 
during his life time, during his unceasing and varied 
activities he penned down notes of what he was 
doing. Of these writings, 7000 of the original sheets 
have been preserved in different libraries of Europe. 
These manuscripts cover an amazingly wide range 
of subjects, c.g., aeronautics, astronomy, botany, 
palaeoiilology, geology, physics, mathematics, 
engineering and sculpture. Not that he was a 
dabbler in any of these lines but was far ahead of 
any master of his time. Researches among his 
manuscripts, which began towards the close of the 
last century and are still going on, have shown that 
he anticipated discoveries in many spheres. He was 
a pioneer in many branches of science — an anti- 
cipator of (lalilco, Newton and Harvey. Many of 
his manuscri])ts are found to be illustrated by clear 
and definite sketches and drawings and it is from 
these sketches that the 275 working tiiodels of* 
Leonardo’s inventions recently exhibited were made. 
The collection of models include a helicopter, a 
double-hulled ship, a pile driver, a power-driven 
bandsaw, a canon actuated by steam,* the rolling 
mill, force pumps and lens-grinding machines and 
such modern weapons as breech loading canons, 
rapidfire multiple canons and machine guns and the 
terrible engine of war -the tank. These models leave 
the impression that Leonardo was an .artist fully at 
home in the world of machines. His work in these 

* Leonardo anticipated the use of steam and sketched a 
steam canon. 


fields (lid not receive the due share of recognition 
because he did not publish them and also l)ecaiise 
he was horn in an age when pcoi)lc in general were 
not prepared to sec the value of science. 


Work of the United States National Museum 

The report on the Pnjgress and Condilion of 
the rniled i*‘tales National Mii.seiiin for the year 
T93Q-10 gives a brief accouiil of the work accomplislicd 
in its various departments and also gives detailed 
reports of its new collections in the department of 
anthropology, biology, geology, engineering and 
imluslries, etc. A complete list of accessions and 
Museum publications during the year is included. 
Additions to the collections were many and varied 
during the last year most of them coming from 
expeditions arranged through the vSmilhsoniaii 
Institution. Lots of specimens were also received for 
examination and report. As usual gifts of dupli- 
cates were made to schools, museums and other insti- 
tutions. In its different departments the Museum at 
l>resent contains a total of i7,0(>i,igQ specimens. 
Field work of the staff went on as usual. 

Dr Ales Hrdlicka !iiade an anthropological trip 
to Europe, his chief ol)jeclive being to study and 
examine skeletal and eultural materials in Russia 
and Siberia. He had the privilege of studying the 
skull and remains of bones of a Neanderthal child 
found in Uzbekistan in Central Asia. Archaeological 
studies were continued in Western Kansas by 
Dr Wedel. Dr Dale Stewart continued sy.stematic 
excavations at the sit^ of the Indian village in 
Stafford County, Va. Dr h'oshag collected sciinc rare 
minerals in ^fexico. Notable collections of birds 
and niaminals were made from North Carolina and 
herpetological fauna from Mexico. Large collections 
of fishes, mollusks and other marine invertebrates 
and reptiles were made by the Naval Expeditions to 
the Phoenix and vSamaon Islands. Captain Robert 
A. Bartlett brought valuable invertebrate collections 
and Arctic plants from his expedition to Greenland 
waters. 
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The educational activities of the Museum were 
carried on in the usual lines. Replies to hundreds 
of imiuiries were made and students from that country 
as well as from abroad were allowed to work with 
the collections in the Museum. The staff of the 
Museum sui)plied materials for a weekly educational 
broadcast entitled, **The V^orld is Yours**. The 
library of the Museum is gradually expanding, the 
present collection containing 90,323 volumes and 
117,516 pamphlets and charts. 

Prevention and Cure of Mental Diseases 

An association called the Indian Menial Welfare 
Association has recently been formed in Calcutta 
with the object of offering relief to the people suffering 
from mental diseases and deficiencies. The sufferings 
caused by mental diseases and disorders arc no less 
than that caused by physical ailments. Still the 
Oovernment and the public in this country extend 
their S3mipathetic hands for the medical relief of 
these suffering from physical diseases only, caring 
very little for the sufferings of the mentally afllictod. 
In the U. S. A. the hospital accommodation for 
mental patients is about half of that for patients with 
physical diseases. In Kngland, in London alone there 
arc 34,000 beds for mental patients in hospitals. 
Census figures (1931) for the insane in Bengal is 
22,402 and it is a pity that Bengal has only a share 
of a mental hospital with three other provinces. 
There are however at present two or three private 
and poorly financed institutions only for the cure 
of the insane in and around Calcutta and one for 
the feeble-minded. But there is lack of systematic 
attempt to evolve a common plan and to , co- 
ordinate the activities of these. The newly 
started Mental W'elfarc Association will serve 
a very useful purpose as it proposes to tackle 
the problem of mental diseases in the country lx)th 
in its preventive and curative aspects. The Associa- 
tion has already organized ])iiblic lectures to educate 
the public in mental hygiene and has arranged for 
instruction of school teachers so that they may 
detect early mental abnormalities in school children. 
The Association further intends to establish a well- 
equipped tiKxlern mental hospital under trained 
experts. The Covernment « and the public .should 
make generous contributions which alone will make 
it po.ssible for the Association to carry on its very 
useful projects. 

Indian Statistical Institute 

The Indian Statistical Institute has completed 
nine years of its useful existence. The report on the 
working of the Institute presented before the annual 
general meeting held on the 24th April last, gives a 


review of the activities of the Institute covering a 
vast and varied field. The following were elected 
office-bearers of the Institute for the next year ; 
President, Sir Badridas Goenka, Vice-Presidents, 
Dr P. N. Banerjca, Mr J. H. Burdcr, Sir A. H. 
Ohuznavi, Dr T. E. Gregory, Dr J. Matthai, Dr S 
P. Mookerji, Dr C. W. B. Normand, Sir Shri Ram, 
Sir C. V. Raman, The Hon*ble Mr Justice T. J. Y. 
Roxburgh and Mr N. R. Sarker ; Treasurer, Dr S. 
C. Law ; Secretary, Prof. P. C. Mahalanobis. The 
Indian Statistical Institute has recently taken up a 
very useful work, namely, a scientific survey of 
public opinion on different problems in India. Prof. 
P. C. Mahalanobis in a recentf article published in 
the Modern Review has described experiments con- 
ducted in America for successfully ascertaining public 
opinion by use of statistical methods and has 
discussed the applicability of these methods in India. 
Such scientifically conducted surveys of public opinion 
will help to distinguish genuine public opinion 
from interested propaganda and will also check some 
of our politicians and publicists to make unjustifiable 
generalisations and conclusions on too meagre data. 
Wc hope the Indian Statistical Institute will receive 
the help and co-operation of the general public in 
its laudable attempt to carry out from time to time 
scientifically organised survey of public bpinion and 
preference in India. 

Research in Physical Sciences During 1940 

Problems of war and defence having occupied 
the attention of scientists the world over ccscarch 
in applied sciences were somewhat accelerated while 
searching for knowledge in other fields were com- 
I)arativcly slowed down during 1940. As for 
example, much improvement was affected in the 
construction of aeroplanes. Aircooled airplane 
engines developing more than 2,000 horse power 
were developed. Military airplanes attained speeds 
exceeding 400 miles per hour. A new interceptor 
fighter plane capable of ascent at a speed of more 
than a vertical mile a minute was demonstrated. Of 

, tho work done by physicists mention may be made 
of the isolation of minute quantities of uranium 235, 
the isotope which when once started disintegrating 
by bombardment with suitable projectiles continues 
the process with the liberation of tremendous amounts 
of energy.* Electron microscopes having magnifying 
power many times greater than optical microscopes 
were commercially produced in the United States. 
Wireless power transmission through ^nall distances 
was successfully carried out with the help of 
Klystron tubes. 

, In the domain of nuclear physics, measurements 
of the binding energies of protons and neutrons were 

• See article on Uranium Fission on p. 694 of this issue** 
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carried out in the nuclei of certain atoms. Neutrons 
were found to be associated with cosmic radiations 
and photographs were obtained showing the decay 
*of mesotrons into ordinary electrons confirming pre- 
vious predictions. Television by radio in natural 
colour was accomplished last year. Pressures as high 
as 3,500,000 pounds per square inch were obtained 
in laboratory experiments to create the condition 
existing far underground. 

A very important achievement in synthetic 
chemistry was the duplication in the laboratory of 
the natural process by which glucose is converted 
into starch fn plants. ^ A method was also discovered 
by which coal and oil can be made in the laboratory 
from plant carbohydrates thus doing in a few hotirs 
the work done by nature in millions of years. 

Incendiary Bombs used in the Present War 

In the recent Nazi raids over l/ondon and other 
j)arts of luigland more damage has probably been 
done by incendiary bombs than by explosive ones. 
Incendiary bombs were used for the first time during 
the last great war but they were mostly inefTective 
as the ignitable material used in them, namely, 
thermite an4 li<iuids like gasoline were very quickly 
burnt out. This time two entirely new types of 
incendiary bombs called the electron Ixjinbs and 
multiple-effect bombs are being used with much 
greater success. In the electron bombs there is a 
charge of thermite inside a shell of electron metal 
consisting of 80 per cent, magnesium and per cent, 
hardening metal. The magnesium shell is the prin- 
cipal incendiary material and thermite only starts the 
ignition when the bombs strike the objectives. The 
shell burns for 10-15 minutes at a temperature of 
i5oo°C. The w’eight of these bombs range from one 
to twenlyfive kilograms, the lighter ones being used 
in large numbers for indiscriminate bombing and the 
heavier ones being used against specific targets, such 
as munition dumps or factories. lUcctron bombs are 
best extinguished by smothering them with powdered 
talc, dry sand or other such granular materials. In 
England a special smothering device called a ‘snuffer’ 
made of wire mesh sprayed and covered with asbestos 
has been successfully used. 

The other type, the multiple-effect lx)mb contains 
separate incendiary units which scatter over a wide 
area upon impact. They arc nsnally heavy and used 
in the Iwmbardment of specific objectives. 

New Method of Producing Quick Revolutions 

Dr E. E. Mactiwttir of the University of 
Virginia has invented , a method of magnetically 
suspending a steel ball 3/32 inch in diameter in 

4, 


vacuum and spinning it at the rate of’ 110,000 times 
per second, about 3000 times as rapidly as a fast 
aeropLane propeller. The method practically eliini- 
mitcs friction and air resistt^nce and offers vast 
possibilities. In many physical rc.searchcs a rapidly 
rotating mirror is needed and the applicability of the 
above method for such purpose was tested by grinding 
two flat faces on the ball 100,000 times per second 
without in any way damaging it. ’J'his method may 
find an important application in the separation of 
>35, the power-producing isotope from the ordinary 
element. Minute particles and even molecules 
differing slightly in weight can be separated by the 
ultra-ccnlrifiige which as is well known eniph^ys a 
spinning device. Sufficiently large rotary speeds 
will make possible the separation of isotopes by an 
ultra-centrifuge. For the separation of uranium 
isotopes a speed of 66,000 revolutions per minute will 
suffice. Though this is small comi)ared to the rotary 
speed attained by steel ball in Macttattic’s experi- 
ments, the task of nraiiiiim separation presents a 
much more difficult problem because in this case the 
rotating cylinder must be several inches in diameter 
whereas in his experiments Macttattic used a ball of 
only 3/32 inch diameter. 


Synthetic Food for Proper Nutrition 

To combat against nutritional deficiency the 
German soldiers engaged in the present war are 
sn])plied with vitamin biscuits in addition to their 
ordinary rations. In the U. S. A. attempts to develop 
a ‘synthetic* food to enable even the poorest among 
the population to remain in a good nutritional con- 
ditiflh have met with success. Prof. Robert S. 
Harris of the Niitrilional b.'iboratorics at the 
Massachusetts Institute of Technology has developed 
the ‘synthetic’ food by compounding several (piite 
cheap basic foods cfintaining all the necessary nutri- 
tive elements. Deficiencies in the diet of the poorest 
section of the population in that country was found 
out by comparing the actual intake of the different 
nutritive elements by them with the optimum re<iuirc- 
ments. Two or three different cereals, like wheal, 
soyabean, oats or corn, cheapest among human food- 
stuffs when properly blended together can iirovide 
a protein mixture as gobd as that in milk or eggs, 
each component supplying some vitamins and 
minerals. The gap is filled by pure mineral salts 
and vitamin concentrates or synthetics. The result- 
ant mixture, in flake form, provides a quite palatable 
food and less than an ounce daily will keep a person 
in good nutritional condition. However unbalanced 
the nutritional value of individual diet may be if the 
above dose of ‘synthetic* foo<l be taken by the general 
tmblic, nutritional deficiencies will be altogether 
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avoided. Manufacturing cost of the food for one 
person is estimated at t‘8 dollars per year. 


Geological Studies of Ocean Muds 

Dr Josukph a. Cushman, director of the Cush- 
man Research Laboratory, Massachusetts, and a noted 
authority on marine biology has pointed out 
the importance of studying ocean muds for inter- 
preting their geologic history. Mud deposits on the 
deeper parts of the ocean floor rei)resent the accu- 
mulation of all geologic ages. Thickness of deep 
ocean deposits grow at the rate of less than one 
centimetre in i,ooo years, so that the actual layer 
of sediment nearly 500 feet thick in some parts of the 
ocean floor, represents a time interval of nearly 
2,000,000 years: The Piggot Oun recently invented 
by Dr C. S. Piggot of the Carnegie Institution of 
Washington has made it possible to collect vertical 
core samples ro to 12 feet long from deeper parts 
of the Atlantic Ocean. Mud samples obtained along 
the Atlantic cable line from Newfoundland to 
Ireland are found to contain fossil remains of tiny 
life forms, diatoms and foraminifera, which reflect 
climatic conditions prevalent at the time of their 
deposition. Alternations of cold and warm types of 
foraminifera sr)mewhat corresponding to the known 
advances and retreats of the great ice sheet that once 
covered the North American continent have been 
found. i\Tud samples taken from the Carribcan sea 
also show definite zones of concentration of warm 
water foraminifera separated by zones in 'which they 
were absent. 


Work of Veterinary Research Institute 

Poui/i'RY farming is receiving increasing atten- 
tion, says the annual report of the Imperial Veterinary 
Research Institute for the year 1939-40. In the 
Poultry Research Section of the Institute at Izat- 
nagar, breeding experiments are being conducted with 
While Leghorns and Rhode Island Reds and with* 
deshi (or native) fowls. The experiments have 
reached the second generation. It is proposed to try 
these breeding experimentse under village conditions. 
Poultry foods are also being analysed. Feeding 
trials have brought out the advantage of separated 
milk over water for the growing bird in reducing 
mortality and improving the growth rate. Soya bean 
and earthnut arc good substitutes for milk. The 
present method of prophylaxis against sp. anserina, 
hy which healthy birds are inoculated with infective 
blood and treated with atoxyl 24 hours later, has ' 
been found to be satisfactory. 


Experiments have been started on the relation- 
ship between different levels of carotene feeding to 
milch cattle and the concentration of carotene and 
vitamin A in the milk and in the intestinal and 
urinal excretions. It has been found that the protein 
content of grass is not affected when it is dried at a 
high temperature or in the sun ; there is, however, 
great loss of carotene by sun drying. Diet experiments 
on heifers revealed that proteip deficiency led to dete- 
rioration in growth and the development of ‘fits*. 
Other ol>servations confirmed the importance of 
vitamin A to the pregnant animal and that vitamin A 
deficiency led to *night blindness* iff calves. It was 
also observed that the vitamin C content of the 
tissues was greatly reduced in certain diseases like 
rinderpest, worm infestation (in horses) etc. As farm 
animals arc known to l)e capable of securing their 
own vitamin C indcpciidcnt of their diet, it is 
inferred that diseased animals become incapable of 
producing a sufficient quantity of the vitamin. The 
problem is now under study. 

During 1939-40 the Institute supplied 31,22,000 
doses for the prevention and cure of diseases of 
domestic animals in the shape of sera, vaccines and 
diagnostic agents, which realised Rs. 4,55,000/. 
Mallein, used in testing ponies for glanders, is now 
being manufactured as a routine by ‘growing the 
bacteria of the disease on synthetic media. This 
should obviate the troublesome tests for the study of 
non-specific reactions. 

From 1940 the Institute is providing more 
instruction to post-graduate students in thd form of 
two courses, one in advanced animal husbandry and 
another in poultry husbandry, in addition to the 
annual post-graduate course in veterinary science 
and practical courses of training to suit individual 
reciuiremcnts. 

At Izatnagar a central museum is to he set up 
which will give visitors a scientific insight into the 
field now covered by veterinary science, including 
animal husbandry. It is also hoped to establish a 
w<)ol research laboratory and laboratory for problems 
connected with hides and skins. 


Archaeological Survey of India's Annual Report 

Thk Annual Report of the Archaeological Survey 
of India for the year 1936-37 has l)een recently 
published. This is the last of the s^ies of volumi- 
nous reports with the rich get-up that was 
characteristic of this publication. In future the 
conservation of monuments and other activities of 
the departuient will form part I of the report with 
a paper cover, while excavations and other scientific 
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material will be relegated to a handier well-illus- 
trated volume called part II. One report of the new 
tteries will .soon be availalde to the i)ublic. 

During the year under review in the 
field of exploration the most important discovery was 
that of a colossal temple with multiple terraces and 
angles datable to the early centuries of the Christian 
era at lyauriya NanSangarli in Bihar, already 
reported on pages 349-350 of this journal. This 
temple is the earliest prototype of the architecture 
of Burma, Java»aud Siam and is regarded as the 
oldest archithctural model. The work was carried 
out by the late i\Ir. 5 l. G. Majumdar, whose pre- 
mature death has deprived Indian archaeology of a 
devoted explorer. 

A number of ruins were explored in the jungles 
of Assam, and some material of archaeological interest 
was discovered at Pagan and old Prome iu Burma, 

As regards conservation, the reconditioning of 
the Gol (lUml^a/. at Bijapur, the biggest dome in 
India, was the principal work done during the year. 
vSpecial repairs* were made to (a) the Taj Mahal at 
Agra ; (b) the Imambara of Asaf-ud-l)aula at 

Lucknow and (c) the ancient Buddhist ruins at 
Sarnath near Benares. At Delhi, the Lodi tombs 
received special attention in view of the lay out of 
the Lady Willingdon Park. 

In the epigraphical branch the most important 
discovery is that of the earliest inscriptions found 
with three^ Ihahmi inscriptions from Kosam, ancient 
Kausambi iu the Allahabad district, one of which 
dates from the 2nd century B.C. Much material was 
collected in Central India, Rajputana and South 
India. A specially important feature of this year's 
collection is the iliscovery of a number of copper- 
plate records which throw interesting light on the 
history of early and medieval India. 

Ill the field of museums, a detailed scheme 
whereby a number of museums in all provinces 
throughout the country should benefit by receiving 
duplicate rcine.seiitative sets from Mobenjo-daro was 
laiinclicd during the year. 


Annual Report of Botanical Survey of India 

Till? annual report of the Botanical Survey of 
India for 1939-40 has been published. During the 
year nearly 3,500 specimens were identified and 
revised, of these al^oiit Soo plants belonged to the 


Forest Research Institute, Dehra Dun, and 702 
Burmese specimens were received from Dr E. D. 
Merrill of Harvard University, U.S.A. The rest 
were sent by various Government Departments and 
educational institutions and private workers in India 
and abroad. This year, there was unfortunately 
severe restriction on loan of herbarium specimens 
owing to overseas transport difficulties. Several 
hundreds of flowering plant specimens and ferns 
have been collected from different part of Bengal. 

As a result of monographic studies conducted 
according to the International Rules of Botanic 
Xomeuclature, the names of several flowering plants 
of India have been revisetl. The assistant for India 
at Kew continued his series of noteworthy plants of 
South India, Assam and Burma. A large number 
of new species of flowering plants and ferns were 
described and published by various authors during the 
year under review. 

More specimens of Indian silk products, indus- 
trial oils and oilseetls, food products, plant specimens 
of reputed insecticidal properties, hand-made paper 
exhibits and medicinal plant products have been 
added to the Industrial Section of the Indian 
^luseum. 

As already noted in these columns, investiga- 
tion have shown suitable localities in India for the 
cultivation of Ipecac (CephacUs Ipecacuanha), a 
widely used vegetable drug and one of the few 
known rcnv^dies for dysentery. A considerable 
quantity of the crude drug is now im])orted. 
Similarly an cmpiiry made on the Tung oil yielding 
plants*in the probable centres of cultivation revealed 
considerable possibilities for the industry iu India. 
There is ample scope for the manufacture of 
papain in India from the milk juice of the common 
papaya fruit, says the report. 

An economic survey of the forest wealth of 
Mayiirbhaiij State, is being carried out by the State 
under the guidance of the Curator of the Industrial 
Section of the Indian Museum. The commercial 
public were sui>plied with information on the sources 
and supply of economic plant i)r()ducts, such as 
fibres, resins, tanning materials, varnish oil, vege- 
table dyes, insecticides and medicinal plants. 

Workers in universities and other institutions 
both in India and abroad were supplied with 
different plant materials for their research work and 
the results obtained were in most cases communi- 
cated and recorded. 
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Glycerine Synthesised from Petroleum 

The world supply of glycerine under normal 
conditions is obtained as a by-product from soap 
industry, that is from processes of hydrolysis or 
saponili cation of natural oils and fats. During the 
last war, efforts were made in Germany to produce 
glycerine from other sources and she actually pro- 
duced i.^jooo Ions per year by fermentation, a 
process whicli received considerable attention. The 
process is essentially a modification of the ordinary 
alcohol fermentation, in which by varying pH by 
the addition of suitable salts, the amount of glycerine 
formed is increased. Commercial difficulties for this 
process are concerned chiefly with the rectification to 
a high grade pnxluct in an economical way. It is 
further tied up with the i)roduction of a considerable 
amount of alcohol. 

Uecently the research workers of the Shell 
Development Co., U. vS. A. have developed a t)rocess 
for the economic niaiiufacture of glycerine from 
petroleum. We published a short note on this some 
time ago. In a recent article in the Chcmicql and 
Mcliillurfrical Knfrinccring a brief outline of the 
synthetic manufacture of glycerine from petroleum 
as developed by the Shell Development Co., has been 
descrilx^d. vSince glycerine is one of the basic raw 
materials for c.xplosives some eminent chemical 
engineers have termed the development of the pro- 
cess as the most significant chemical achievement 
since the fixation of nitrogen by Haber during the 
last war. TJie process has jia.ssed the pilot plant 
stage and a big plant is under construction. 


dispensed with since allyl chloride 'can be directly 
converted to chlorohydrins. ^However,* since allyl 
alcohol, is an important product itself, the hydrolysis 
step was fully investigated. Flow' diagram for the 
reactions is given below : — 


Cl 

cu I 

Clfa-CH-CH, >*CH..-CH-CH2 

I’rfipvli-no .\n_\l chloride 

Oil OH Cl on 

NaOH 1 HOCl | | | 

►CHjr^CM-CHj CH„-CII-Cllj 

Allyl alcohol iMoiiocliloroliMlrin 

OH OH OH 
NaOH I I I 
Clla-CU-ClIa 

NajCOa 

Glycerine • 


For the formation of allyl chloride from propy- 
lene the percentage yield is of the order of 85 per 
cent, and the overall yield of finislied glycerine 
from allyl alcohol or allyl chloride is about go per 
cent. 


N. K. S. G. 


Explosive Ink 


The starling material^ is propylene obtained by 
rectification of refinery cracked gases. Propylene of 
q8 per cent, purity is satisfactory for ordinary pur- 
poses. Propylene is converted to allyl chloride by 
direct chlorination at .soo^C. This '‘hot chlorina- 
tion’* process is of iiarticular importance here. This 
allyl chloride is then hydrolysed to allyl alcohol, 
which in its turn undergoes the process of chloro- 
hydrination in aqueous solutions to form glycerine 
monochloro and dichlorohydrin. These chlorohydrins 
on further hydrolysis are converted to glycerine. 
In commercial practice the allyl alcohol step can be 


Sprkd of newspaper presses can be much in- 
creased if an ink were available that would dry 
instantly. Startling results followed the initial 
experiments of an inventor in ,his efforts to prepare 
such an ultra-rapid-drying ink. According to a para- 
graph in the Manchester Guardian,* the first trial of 
such an ink was so successful that it set with tlie 
suddenness of an explosion and ruined the apparatus 
that was being used. However the principle was all 
right, and the inventor succeeded in slowing down 
the setting process. The ink which has now 1x;en 
patented, is descrilied as a dihydric alcohol polyester 
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of aA unsaturated dicarboxylic acid of tlie fmnaric- 
maleic or citraconic-mesacoiiic-itaconic groups. 

N. K. S. G. 

Utilisation of Blast Furnace Slag 

The production of pig iron in the blast furnace 
is accompanied by tl;c production of slag, which is 
a source of waste to the metallurgist because it 
represents wasted material and wasted heat. Amount 
of slag produced per unit weight of pig iron depends 
on the (juaiity Af the ore. The quantity of slag availa- 
ble when making iron from haematite ores is from 
1200 to 1400 lb. per ton of iron ; from foundry iron 
it is 2400 to 3000 lb. per ton; from basic iron 2 So<^ 
to 3200 lb. ; a fair average is one pound of slag per 
pound of iron. In other progressive countries for- 
merly it was diiiiipeil on huge mounds which required 
space and entailed haulage and laliour charges. In 
our country it is the practice yet ; but other countries 
have develoiied various uses of slag since proper 
utilisation of this means lesser production cost for 
the iron. Useful inforiiiatiun as to the utilisation of 
this material in the U.S.A., has lately been published 
by W. H. Caruthers in a paper to the Industrial 
iSIincrals Division of the American Institution of 
Mechanical Engineers. 

The utilisation of slag depends on its properties. 
It has more bonding surface per unit area than any 
other commercial mineral aggregate because of the 
countless bubbles of gas that are entrapped in the 
molten mineral as it cools, causing the faces to be 
pitted in every individual crushed piece. It will not 
absorb water through these pits and become satura- 
ted because the pits are not interconnected. 

The latest U.S.A. figures for the use of slag 
are as follows: railway ballast, 22 per cent. ; 
traffic bound roads and concrete pavements, each 16 
per cent. ; water-bound macadam 14 per cent. ; struc- 
tural concrete 13 per cent. ; bituminous roads and road 
maintenance 15 per cent. ; miscellaneous uses 4 per 
cent. Among the miscellaneous uses, the develop-, 
ment of which are gradually increasing, are the 
construction of the “twenty year” Iwmled ])itch and 
felt roofs that have been recently develoiied in the 
U.S.A. and the use by the Elintkote Co. as a roofing 
material in which dyed slag granules are used for 
surfacing. It is stated in the above paper that these 
granules retain their dye colours satisfactorily when 
exposed to the weather. 

The most interesting recent development is the 
production of Portland cement from blast furnace 
slag. It is expected that in future tl\is single use* 
will surpass all other uses. There is a marked 
•similarity in coinpositon between blast furnace slag 


and Portland cement as is shown in the following 
table : — 


An 

alysis o[ 

600 Slags 


Analysis of 
varieties of For 
land cement. 

Constituents 

Max. 

Min. 1 

.Vvcnjge 

Average 

*SiOa .. 

55-72 

25-30 

v^6 36 

21 9 

A1,0, .. .. 

19-43 

5-46 

12-76 

5-9 

CaO .. 

48-06 

25-82 

41-15 

62-9 

I'cO 

2-85 

0-25 

0-75 

29 

■NbiO .. 

9G7 

0-04 

091 

nil 

MgO .. .. , 

IDSl) 

0-10 

6-57 

2-6 

s 

5 06 

0-16 

1-45 

1-7 


There is much controversy regarding the produc- 
tion of cement from blast furnace slag. The British 
Ministry of Works niaintains that satisfactory slags, 
suitable for cement, can only be prcxliiced from 
working on haematite ore. Hut the majority of 
cement experts are of opinion that a suitable slag 
for cement manufacture can be produced by modify- 
ing materials which arc charged into the blast fur- 
nace. The latest developments in U. S. A. are such 
that the blast furnaces are operated with the dual 
object of producing the best iwssible iron and the 
best possible slag. The .slag vShould be cooled 
rapiilly to furnish a hard resistant iiialerial. In actual 
practice, 4 he molten .slag is run into a rapid stream 
of cold water wliercby it is obtained in tlie granu- 
lated form. In some cases limestone and slag are 
separately cruslicd and dried, and then mixed and 
ground together in correct proportions ; this raw 
mixture is burnt to clinker in a kiln ; the clinkcr 
is then mixed with a suitable proportion of granu- 
lated slag and ground to cement fineness for use as 
cement. In U. S. A. the slag cement is an intimate 
mechanical mixture of blast furnace slag with 30 
to 40 per cent, of hydrated lime, no heat l)eing used. 
In Portland cement, tlie slag is used as the siliceous 
material and less limestone is needed than when clay 
or shale is used because the slag contains lx)th lime 
and silica. 

• 

Another use for slag is the slag wool which was 
first made in the U. vS. A. in 1S70, and there hfts 
been a striking growth in this industry within the 
past thirty years. Mr. Caruther’s paper also informs 
that attempts are being made to produce glass 
from slag. Experiments show that with proper 
admixture of arsenic, soda, etc., slag glass can be 
produced of almost any standard, and with many 
superior qualities. 

N. K. S. ( 7 . 
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Revival of Natural Dyes 

Rapid strides are being: made by scientific and 
industrial research to make India produce vegetable 
dyes particularly useful at this time. 

New natural dyestuffs have been produced from 
the barks of mango, babool, famuii, dhak, pipal, lx>r, 
plum, maltas, tamarind and fig at the Government 
Silk Institute, at Bhagalpur in Bihar. These dye- 
stuffs arc also obtained in powder and paste form. 
By using different fixing agents with the same 
powder, different shades have been obtained. 

Work on derivatives from Kamela flowers for 
use as edible colouring materials has been completed 
at the H. B. Technological Institute, Cawnpore. 
The Indian Jute Mills Association is investigating 
the i>ossibilities of special dyeing methods and 
intend to produce sack marking ink ; the University 
of Mysore is trying to use myrobalans for manu- 
facturing dyes. 

The Government Textiles Institute, Madras, has 
worked out successfully inethods of dyeing with 
several natural dye-yielding products of indigenous 
growth. They were in vogue prior to the advent of 
synthetic dyes but unfortunately the processes were 
all forgotten. 

While the present research is expected to yield 
vegetable dyes, the activities of the Bararee Coke 
Company w hich manufactures l)etizenc, toluene and 
phenol and the proposed installation of a big plant 
for the recovery of these products at Tatanagar will 
eventually lead to the production of innumerable 
organic compounds and drugs and may turn ouU to 
be the forerunner of a synthetic dyestuffs and drugs 
industry. 

With a vie\v to reviving the industries on vege- 
table dyes, the Board of »Scieiitific and Industrial 
Research has set up an exploratory committee on 
vegetabls dyes, as a result of whose labours, it is 
expected that more vegetable dyes would be in use. 

Tube- Well Waters of Calcutta 

Tiioucui water from fube-well is generally 
reliable and satisfactory from the bacteriological 
point of view, complaints are heard with regard to 
its chemical behaviour. Tube-well water may cause 
an excessive consumption of soap in washing or 
delay in cooking, destroy to some extent the colour- 
ing matter of tea resulting in a mixed colour which 
is disagreeable in appearance, tarnish household 
brass and copper utensils and sometimes may 
deposit a white layer on glass vessels and finally 
taste saline. Of course complaints against one'^ 


lube-well are not made generally on all these points. 
They usually crop up singly. When therefore a 
plan is adopted for supplying drinking water to the 
people of a large area from tube-wells, it is necessary 
that a proper survey should Ixj completed first by 
trial borings and then after proper arrangements 
for avoiding the defects the scheme should be put 
into practice. 

The sodium chloride coiiteht of the tube-wells 
in and around Calcutta is discussed in the latest 
Memoir of the Geological Survey of Jndia. On the 
basis of chemical composition, the waters of the 
shallow tube- wells not exccediil^ 432 feet in depth 
in and around Calcutta have been found to fall under 
four different types. 

The reason for the.se differences in type, it is 
suggested, is that in these comijarativcly shallow 
depths the water bearing strata of the four regions 
are different from one another and are replenished 
by water from different sources. In the first region, 
the source is the sub-soil water derived in its turn 
from rain water ; in the second region the character 
of the sub-st)il water is largely altered' by seepage 
into it of the water of the Salt Eake, situated on the 
east of the city ; in the third the sub-suil water is 
replenished by fresh non-saline Ganges water while 
in the fourth the influence of marine conditions is 
manifest. 

The difficulty with regard to variable .sodium 
chloride content in a particular tube- well in Calcutta 
which was first investigated, has been remedied by 
reduction of the pumping hours by lialf, thereby 
allowing sufficient rest for for the bed to prevent the 
preponderance of any flow in the underground region. 


Chemical Constants of Lac 

Thu determination of chemical constants of a 
substance is one of the methods of its identification 
^iid the only method for e.sti mating its degree of 
purity. Acid, saponification and hydroxyl values of 
lac hitherto differed according to different workers 
and these have been recently determined after a sys- 
tematic study at the London Shellac Research 
Bureau. The bulletin on the subject shows that the 
acid value of lac has Ixien determined with three 
different indicators. Alkali Blue 6B as an internal 
indicator gives a sharp end point, ancf it has been 
found preferable to use o‘iN alcoholic potasli for 
titration instead of the customary o’sN. To effect 
complete saponification, at least four hours* heating 
bn a water bath with o’sN alcoholic potash is neces- 
sary. Further complete saponification could not be 
obtained with absolute alcoholic potash ; the presence’* 
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of water is necc^ry ; and • optimum results are 
obtained with lo per cent, of water in the alcoholic 
I>otash. For determination of the hydroxyl value of 
* lac, Normann^s method has been found convenient 
and gives reliable results l)ut it is necessary to allow 
at least four hours* refluxing with o'sN go per cent, 
alcoholic potash to saponify completely the acetylated 
lac product. 

« 

Brazil growing Jute 

Fom.owinc^ the news of successful experimental 
cultivation •of Jute in the U. S. S. R. published in 
these columns, we l^arn that Japanese colonists in 
Brazil expect lo raise more than 1500 tons of jute 
this year. It may be noted that the Brazilian Oov- 
ernment abandoned their experiments on jute culti- 
vation which were started in 1925. Afterwards 
an amateur Japanese agriculturist sowe<l some jute 
seeds in the spring of rQ;^6 and only two freak jute 
plants grew on the mashlands along the Amazon 
river. But one of these died in the flood and the; 
other attained a height of over 13 ft. and bore some 
sced.s. The same year during the autumnal rains 
the seeds were soun and crops have since increased 
yearly. The fanners there are now arranging to 
sul>slitute cdffce raising by jute cultivation. 

Paper from Indian Materials 

The quinciuennial review of forest administra- 
tion in Briti.*sli India ending ^rsl March, ig^g which 
we have received, reports the progress made by the 
paper pulp section at the Forest Research Institute. 
As a restilt of their investigations a mill has already 
produced kraft paper from bamboos, though its 
strength is yet to be imt>roved. Complete data on 
the digestion and bleaching of a few siiecies of bam- 
boos were obtained on scmi-commercial scale. Be- 
sides, wwk is in inogress for production of wrapping 
and packing ]>apers from Anlhisteria };i,v:antca (ulla 
grass, and Pinus longifoUa (cliir) is also tried. A 
pull) grinder is operating since 1937 lo explore the 
r>ossibilities of establishing an industry for the manu- 
facture of newsprint and other cheat> printing papers. 
Mechanical puli) coiistilutcs 70 per cent, to 80 per 
cent, ’of newsi)riiit and after trial with four varieties 
a broad-leaved wood, Kydia Calycina has given 
satisf actory results . 

There has been in recent years closer co- 
operation witli the paper industry. The Paper 
Makers* Association have given financial help for 
researches. A few’ mills sent people for training in 
pulp and paper technology and technical advice was 
sought by some other mills. The Forest Research 
Institute Laboratory produced about 18 tons of paper 


and boards which have been utilised by them and 
other government agencies. 

Discovery of Strontium in Madras Province 

Strontium, allied td calcium, occurs in commer- 
cially important de])Osits in the form of celcstito (the 
sulphate) and .stroiitiale (the carbonate). Strontium 
compounds are used in cathode-ray tubes and other 
devices for the emission of electrons, in medicinal 
preparations, in refining beet-sugar, in pyrotechnics, 
flares (for railways, esped'ially in the United States), 
tracer bullets and signals for ships and aeroi)lanes in 
which the bright crimson imparted by the element 
to a flame is utilised. vStronliuni sulphate (powdered 
celestitc) acts as a brightening agent in coloured 
paints .and ns a filler it fincls use in sealing compounds 
for electric batteries, asphaltic compositions, rubber, 
sealing wax, etc. The Imperial Tustilutc, London, 
estimates that 2,000 to -t,f)oo tons i)f celestitc are 
used annually as paints and fillers in Great Britain. 
Powdered celestitc is said to be suitable for making 
water-painl distemper. 

vStrontium carbonate is used in Germany to pro- 
duce special high-grade alloy steels, and is also 
used to a limited extent in the manufacture of glass, 
ceramic glazes and enamel. vSlronlium chloride 
powder is employed in refrigerators working on the 
solid absorption principle. 

India imports several tons of ivleslite per annum 
for military use and for ]»yrotechuics and medicinal 
preparations. One million tons of this mineral have 
been* found to occur in the Trichinopoly District, 
Madras Province by oflieers of the Geological vSurvey 
of India after iiivcstigalions in the season 1039-40. 
Celestitc was recorded in this area by Dr II. Warth, 
who was then superintendent of the Government 
^luseuni at Madras but was since forgotten. 

The world’s biggest deposits of strontium occur 
in the west of Tuiglaud and these, together with 
• German celestitc, have fiiniished the world’s reguire- 
incnts .so far. The production from several deposits 
in the United vStates is comparatively small, since the 
domestic ]>rodnct finds it difficiill lo com]>ete with the 
long-established British and German industries. In 
the Trichinopoly District, cele^lite occurs as sparsely 
distribuleil veins in the gypsum -bearing clays of 
Crelaccoiis age over an area of about to sguare miles 
and the (jiianlity available has been estimated within 
a dei)tli of 100 feet from the surface. The mineral 
also occurs in Ui)i)er vSind and in the Kohat District 
,of the North-West Frontier Province but (as in the 
cases of France and Italy) not in commercially 
imi)ortant quantities. 



Position of EssentieJ Oil and Perfumery Trade in India* 
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JN this discourse I should like to bring to your 

notice a few facts concerning the reciiii remen ts 
of essential oil and perfumery trade, by trade 
re(iiiirements I mean not merely the sale of the pro- 
ducts in this line, but also the needs of properly 
trained tradesman, i^roperly trained laboratory 
chemist and the properly trained manufacturer. At 
the present moment all these three are looking at 
each other in tangential ways. Tn the first place 
the trader in the bazar docs not care to know who 
manufactures the goods, what is its quality, and how 
lie can serve the public. He is concerned only with 
his own profits irrespective f)f the interest of the 
consumer or of anybody else for that matter. The 
chemist in the laboratory with his proud knowledge 
of molecules, associations and dissociations, is bliss- 
fully ignorant of market conditions, is forgetful more 
or less of the economic difficulties of the manufacturer 
and is only after his own pet abstract themes. 
Lastly comes the manufacturer who is always being 
dictated to by the capitalists and who also is forced to 
ignore the scientist’s help as much as possible. A 
manufacturer in Kurope is fortunately free from this 
kind of constant trouble. Further a* very well 
deserved lesson which an Indian manufacturer has 
to learn from his foreign colleague is in the matter 
of treatment meted out to a representative oi the 
firm. To a manufacturer in Kuropc the salesman is 
a producer of wealth and as such he (salesman) is 
treated with a generous and broad outlook. Un- 
fortunately an Indian salesman with an Indian 
manufacturer does not receive that courtesy and 
sympathetic hearing which are at the root of consider- 
able progress or retrogression of the firm concerned. 

Taking all these into account the essential oil* 
business is one which reciuires a thorough grasp of 
the realities of the situation. Unlike other business 
it reciuircs a manufacturer Vho has a well developed 
aesthetic taste, eye for beauty, and an exact know- 
ledge of the consumer’s inclination. We all talk in 
loose terms that India can produce and can imitate 
other countries if sufficient capital is available. It 
has to l)c remembered that in mnning any factory the 
role of the capitalist is only one-third, the role of the 


* .Xdapted from a lecture delivered by the author on 
.Vpril 7, 1941, at the Arharvya Jayanti Kxhihiti«ui orgrmi-ed 
by Caloutls* Corporation Commercial Museum. 


salesmen (in other words, market contact) is a 
second one-third and the la.st onc-third is made up 
of all the technicians (which term includes chemists, 
chemical engineers and other scientffic qxperts). It 
is only a harmonious combination of the capitalists, 
the traders and the technicians that can make a 
successful manufacturer. A mere imitation of what 
other countries are doing is not advisable though a 
keen lookout of what others arc doing is a beneficial 
stimulant for our own guidance. I'he essential oil 
industry is one which requires a good deal of hard 
thinking before establishing a factory. Most of the 
essential oil bearing plants yield one to three per 
cent, of a particular essential oil ; the utilisation of 
the rest of the material is a big problem. The bye- 
products that are available yield quite a decent 
return for any such extra investments of money as 
are found necessary. One of the reasons why there 
are not many essential oil factories in India is that our 
capitalists and industrialists have not got the patience 
to wait and watch the results but on the other hand 
arc very anxious for immediate returns as for 
instance in the case of sugar cane factories. For an 
essential oil factory to be run successfully a <niniinum 
capital of rupees fifty lakhs will be re<|uired. The 
object of suggesting such a figure will become quite 
obvious when one takes into account the following 
organisational components : 

(1) An independent organisation for gathering 

the raw materials from various parts of 
India. 

(2) An organisation for disposal of all the byc- 

Ijroducts lx)th in an unfinished and 
finished conditions in a profitable way. 

(.0 A selling organisation throughout the 
length and breadth of India to keep the 
laboratory informed from time to time 
what product or products are saleable in 
each specified territory so as to regulate 
. the output of the factory during the full 
twelve months of the year. 

(4) An extensive plot of land in a suitable 
place or places for experimental cultiva- 
tion of a few items on a semi-commercial 
scale. 
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. (5) An up-to-date lalwratory equipment where- 
in a botanist, a biologist, a phannaceu- 
tist, an organic chemist and a chemical 

engineer can work harmoniously 

together under one co\er to consider 
the problem as a whole. 

With a company of this type it will also be 
necessary to establish ^ive or six associated factories 
working in various parts of India so that the waste 
product and bye-product of one of the units will 
Ixjcome the main raw material of another unit and 
so on. These five or six associated factories working 
with a central head office in a id ace like Calcutta 
can do much more for the solving of unemployment 
problem amongst scientific workers in addition to 

helping the trade and commerce of the country. I 

am sure at least a collide of thousand science 
graduates can be absorbed in this. Ajiart from the 
formation of this company it is also necessary to re- 
<iuesl every /eminder, every agricultural farm, every 
garden owner, every fore.st officer, every trader, and 
every chamber of commerce to co-operate in having 
a single Indian organisation manned by Indians only 
so that competition and unnecessary price cutting 
could be eliminated. An organisation of this type 
can produce bssential oils from almost all the materials 
available in India and use the same in part at 
least to re-inanufacture aromatic chemicals as shown 
below : — 


Raw MaVkriai.s for b'ssKNTiAi. Oius and Aromatic 
CHKM icAr.s Availabmc in India. 

1. Grassks. h'ssenlial Oils Aromatic chemicals. 

1. Lctiioii grnss oil I. Citral 

3. Tonoiic 

3. Gcraniol 

4. lyinalol etc. 

2. Citronclla oil I. Citronollol 

2. Citroncllal 

3. Hydroxy-«ntro- 

nellal 

4. Geraniol 

5. Rlioditiol 

6. I/inalol etc. 

.1, Geranium oil I. Geraniol 

2. Geranyl acetate 

3. Rhodinol 

4. Citroncllal etc. 

4. Klius Khus oil 1. Vetivenol 

2. Kesinoid vetii^er 
etc. 

.S. Palniarosa <)il ... 1. Geraniol 

2. 1‘aniesol etc. 

6. (Unger gra-^is oil 1. Graftiol 

2. Perilla alcohol 
etc. 


2. Roots & Fssenlial Oils. Arotmlic chemicals. 

Rhtzomks. 

1. (finger oil ... 1. Cincol 

2. Dccyl aldehyde 

3. Linalol 

4. C'iingerol etc. 

2. Sandal oil ... Santalol etc. 

3. Valerian oil ... 1. Hori’.yl acetate 

2. liornyl iso vale- 
rate etc. 

4. Turmeric oil 


5. Costo.s root oil 


6. SiimhnI root oil 


7. Onion oil 


8. Garlic oil 


9. Calamus oil 


1. Kucalyptus oil 

Cineol etc. 

2. Gaiiltheria oil 

Methyl salicylab 
etc. 

3. Petitgraiii oil 


4. Cinnamon leaf 



oil ... Cinnamic nlde- 

hy<le etc 

5. Verbena oil ... 1. Citral 

2. Geraniol etc. 

6. Clove oil ... Kiige.nol etc. 

4. Skbds. 

1. Ajwan oil ... 1- Thymol 

2. Thymene etc. 

2. .Anise oil ... 1. Anisic Aldehyde 

2. Anethol etc. 

3. Caraway oil . . Carvone etc. 

4. Cardamom oil 

5. Coriander oil ... I. kinalol 

2. Linalyl Acetate 
etc. 

6. Cumin oil ... I. Cumin Alcohol. 

2. Cumin Aldehyde 
.3. Cymone etc. 

7. Dill oil ... Anethol etc. 

5. Pl.OWIiRS. 

1. Rose oil 

2. Jasmine oil 

3. Lotus oil 

4. Bakul oil 

5. Champak oil 

6. Tuberose oil 

7. Orange flowers 
oil 


8. Kewra oil 
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6 Fruits. 


7. Hkrbs. 


8 VVoon. 


Essential Oils. 

1. Oraiij^e oil 

2. Iveinon oil 

3. Mamlarin oil 
1. Cubeb oil 

S. I'cnnel oil 
G. drape, fruit oil 

7. Juniper Ferries 

oil 

8. IJnaloe oil 

9. I’eppcr oil 

10. Nutmeg oil 

1. Basil oil 


2. Spcarininl «)il ... 

1. Cedar worxl oil 

2. Camphor oil ... 

3. junper wood oil 

4. Linaloe wood oil 

5. vSaiidal wood oil 

6. Turpentine oil 
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Aromatic chemicals. 


1 . Limonene 

2. Citral 

3. Nonyl alj:oliol 

4. Decyl alcohol 
etc.' 


1. I^imoneiu* 

2. Citral etc. 


1. Cadineiie 

2. Cubeb-camphor 
etc. 

1 . Anethole 

2. 1‘eiu'hone ete. 

1. IJiialol 

2. Citral 

3. derail iol etc. 


1. Sabiiietie 

2. Terpineol etc. 

1. lyinalol 

2. Mn ilvl acetate 
etc. 

1 . Caryopliylleiic 

2. Geraniol 

3. Cuminic alde- 
hyde etc. 

Myristicin etc. 


1 . Methyl cinna- 
matc 

2. Eugeiml 

3. Thymol 

4. Camphor 

5. Cineol 

G. binalol etc. 


1. Carvone 

2. Dihydrocarvol 
acetate 


1. Ccdrol 

2. Cedar-camphor i 
etc. 

1. Camphor 

2. vSafrol etc. 

1. Sabinene 

2. Terpineol etc. 

1 . hinulol 

2. Iviiialyl acetate 
etc. 

1. Santalol 

2. Santalyl acetate.s 

etc. , 

Terpineol etc. 


9. Gums. Essential Oils. Aromatic chemicals. 

1. Copaiba oil 

2. Olibaiium oil 

3. Oixiijonnx oil 

4. Black dammar 
oil 

1(). MlSCHI.UA.NI-.orS 

1. Oakiiioss * 


During the last post-War period tqiq to 192.S, a 
large number of firms sprang up And .closed down 
also as rapidly as they wera formed due to their 
imperfect planning. If we take a stock of the com- 
panies organised it will be apparent that a large 
numlx‘r of them depended on essential oils for 
finishing their products. The past twenty-five years 
have brought into existence soap factories, pharma- 
ceiitical works, confectionery works, tobacco and 
cigarettes factories, distilleries for manufacture of 
alcohols and wines, aerated water factories, companies 
fi>r the manufacture of perfumes, factories for the 
inanufaclure of face creams, torithpaste and other 
articles for personal use, factories for the manufacture 
of insecticides and deodorents, works for the 
manufacture of printing inks, tanneries for leather 
treatment and many others. Kach and every one 
of these! trades retinires essential oils for the mami- 
factnre of their finished products. 

lyCt us now consider for a moment the present 
centres of our essential oil manufacturers^ and how 
they arc going about their business. The list is not 
however exhaustive. 

(a) Kanauj. This place is about fifty miles from 
Cawupore and is well known from time iniinemorial 
for manufacture of perfumes of all sorts. At the 
present moment the place is no Ixtter than a bi.g 
village and the number of houses working on cottage 
industry basis comes to alwut thirty. Many of these 
old houses are still coiitiiuiiiig their old process for 
special attars. Only one party has introduced steam 
listillation plant and are producing sandal wood oil 
on up-to-date lines. The other people arc manu- 
facturing rose water and ro.se attar, Bela oil and 
Jasmine attar. 'I'hesc people have their own arran.gc- 
inents at Bharat pur for distillation of Khus Khus oil, 
at Barwana for utilising rose gardens of that place, 
at Chatrapur-Berhampur (Ganjam) for distillation of 
Kewra oil and Kewra w’ater. The methods employed 
arc still crude and with slight modification of the 
apparatus it is (juite pos.sibIc to increase the yield 
and Ixttcr odour. The main difficulty with these 
people is their indiscriminate ii.se of sandal wood oil 
in each and every product. The result is un- 
fortunately not very happy. There is no fixed 
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standard upon w hich you can rely upon the products 
manufactured. 

(6) Caunpore . — Most of the essential oil firms 
have their head offices in Kanauj. There are two or 
three^finns who are specialising in tol)acco curing and 
scenting. 

(c) Lucknow — Thei»e is only one firni of an all 
India reputation who is manufacturing Hena perfume. 
The others are mostly tobacco curers and perfumers. 

(d) /icwarcA-^Here also the leiuleiicy for tobacco 
curing and perfuming i^s very great. 

(c) Gazipur- 'I'his place is alxiut thirty miles 
from Benares and was once famous for its rose 
gardens and rose water. Unfortunately much of its 
importance is now gone. 

(/) B/iaraI/>Mr - Plenty of Khus Khiis grass grows 
round aliout this place. The distillation takes place 
ill the months of Novemlier, Decetiilier, January and 
I'ebruary. The methods einploye<l lead to much 
wastage and can l>e improved by slight modification. 
The total (juantity of oil can be brought up to about 
fifteen thousand pounds and can effectively check 
importation of this product from Reunion and other 
places. 

(g) Bar aw ana- -This is (piite close to Hathras 
junction and is more or less a granary for rose 
flowers. Although people from Kanauj and other 
places have their owm establishment for distillation 
of rose water, and attar, hoih the quality and the 
(piantity could be improved by intriKlucing vacuum 
distillation plants. We could in a i)criod like this, 
when foreign inqiortation of rose ])erfumes are 
entirely cut off, help this industry lo a very great 
extent. 

(h) Chatrapur- Berhampur (Ganjain). This 
place is famous for abundance of Kewra flowers and 
is supplying practically the whole of Northern 
Indian market. Here also modern metlnxls of dis- 
tillation will improve the yield. 

(i) Kuppam — This place is afxmt fifty miles 
from Bangalore. They occasionally distil alsi> 
Patchouli oil and other oils according to circums- 
tances. Both the factories have up-to-date steam 
distillation plants. Their tncthods may ho called a 
fairly decent improvement over the crude methods 
employed by other Indian distillers. 

0) Mysore — ^The world-renowned Sandal W<x)d 
Oil Factory already referred to above, is situated 
here. The whole organisation of the Mysore Govern- 
ment Forest Department co-operating •with the 
authorities of the Sandal Wood Oil Factory has con- 
tributed much to the success of this concern. It js 
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also a matter of gratification to note the Railway 
Department is adding their share of co-operation in 
giving all the facilities for transit of gootls both 
finished and unfinished. 

Alx>ut seven miles from Mysore a private gentle- 
man having his training *at the Victoria Technical 
Institute, Bf)mbiiy is the owner and proprietor of a 
large estate cultivating Havana herb and coriander 
plants. Both these oils are somewhat costly and the 
sale is therefore outside India. This is the best 
example of a (jualilied i)rivate individual doing 
business in the right spirit. 

{k) Mcitur This place is well known in India 
f<w its Dam across the river Cauvery. It is about 
forty miles from »Salem and also h'rodc. A private 
gentleman has started a Sandal Wood Oil I'actory a 
couple of years back on up-to-date lines. He expects 
in the near future to Ik* in a position to utilise all 
the surplus Sandal Wood available in vSouth India. 
He claims the quality of the oil to be as gtuul as that 
of Kni)pum Sandal Wood Oil. 

(/) There are several ] daces in South India as 
w'ell as Bombay Presidency where a very large 

<iuantity of Agarbatis are manufactured on a cottage 
industry basis. The total volume of busiiie.ss runs 
to alK>ut ten lakhs of rupees s]>read throughout the 
whole of India. 

(m) There are several places in Central Pro- 

vinces, Berar, Central India and portions of Bombay 
Presidency where Palmarosii oil is l>eiiig distilled in 
the usual indigenous way. There is no single 

factory worth mentioning wherein this important 
imnluct is treated in a w’ay which it deserves. A 
number of small distillation plants and uncertain 

(luality of the oil go unfortunately to make this 

business a speculator's job. 

(n) (^tran (Last. /\/iandcsh)— Arrangements are 
made here for the distillation of the Oil of Idmes. 
The major portion of this oil is being exported. 

• (n) Be MI hay— Recently a siuidal wood oil factory 

has lK*en started by a Parsi gentleman on a small 
scale. The venture may be good in its own way. 
For want of a proper uiidt#rstanditig with the various 
sandal wood oil factories existing in India the rate 
of the sandal wootl oil has lx‘en unfortunately made 
lo fluctuate in an uneconomic manner. 

(p) Tatgunni Estate (Bangalore District ) — For 
the last few years linaloe oil is being manufactured 
on a small .scale. There is plenty of scojie ff)r 
enlarging the factory and supplying the needs of the 
whole of India in Idnalol group of aromatics. At 
present the distillation is somewhat irregular and the 
quantity of oil is also not sufficient. 
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(q) There are many places in Travancore and 
Madras Presidency where lemon grass oil is distilled 
on the usual Indian methods. The (luantity pro- 
duced is .quite large and it would pay to rectify the 
oil and get several aromatic chemicals from this 
important oil. 

The volume of business in rose, Bela oil, Jasmine, 
Khus and Kewra will run to more than twenty lakhs 
of rupees and can be raised if improved methods are 
employed to a!)out fifty lakhs of rupees. The 
improvement can also go to stop the importation of 
synthetic floral perfumes to a very great extent. 
Besides the alxive mentioned flowers we have also 
Chami)aka flowers, Bakul flowers, 'J'liberose flowers 
which could be conveniently worked up but so far 
nothing is being done. 

By exporting palmarosa «.nl, lemon grass oil and 
ginger grass oil we are practically throwing away 
precious material for a nominal value. We can pro- 
duce geraniol and all its esters from palmarosa oil, 
citral, ionone and other aromatics from lemon grass 
oil. The amount involved in palmarosa oil, ginger 
grass oil, lemon grass oil and local citronella oil runs 
to about fifty lakhs of rupees. 

Citrous fruit oils — ^We have plenty of oranges 
and lemons of various sorts and can conveniently 
produce lemon and orange oils, citric acid, lemon 
and orange marmalades jellies and jams. The 
extent of busine.ss carried on at Nagpur (Central 
Provinces), Coorg (vSouth India), Sylhet (Assam) and 
Darjeeling (Bengal) and Dyallpur (Punjab) is about 
one and a half crorcs of rupees. But we are satisfied 
with only eating the fruits and at the same time we 
are importing plenty of citric acid and other* lemon 
and orange products from abroad. 

Sandal wood oil — Mysore State and other private 
factories account for a volume of business varying 
from thirty to fifty laldis of rupees. It is a pity to 
note that some of our traders arc importing 
Australian and West Indian oils on the score of 
cheapness only. The value of this import is not 
likely to be less than a couple of lakhs of nipees. • 

Turpentine oil — ^U'here are two or three factories 
in India. The biggest is the one at Bareily (U .P.). 
The smallest one. is thd one located in Calcutta. 
Turpentine oil industry is a very important line of 
business in 'paints and colours. We require at least 
a couple or more to supply the needs of India in full. 
Besides, turpentine oil is the starting material for a 
number of aromatic chemicals of a very great indus- 
trial importance. For instance, tcrpineol is used in 
perfumery, soap and other trades as a solvent. A 
second series of aromatic chemicals from this oil Is 
thymol and menthol. At present there is no move 
whatsoever in this direction. 


Eucalyptus oil . — At the i)resent moment 
Nilgiris (South India) is the biggest supplier of this 
important oil. The distillations are being carriufl 
on a small scale. It is a pity that there is no single* 
linn who can give oil of guaranteed quality. A large 
(piantity of Australian oil is being imported. • 

There are many undeveloped lines wherein 
business in essential oil could be profitably under- 
taken. There is the common Tulsi which is known 
by everybody. Right or ten different varieties are 
available. Al>out ten lakhs of jrupees worth of 
eiigenol, methyl cinnamate, camphor off, linalol and 
linalyl acetate could be mihinfactured. We have 
enough land lying w'aste and also enough peoi)le 
.silting idle. There should be no difficulty in growing 
not only Tulsi but also other small plants of 
economic importance. 

Essential oils from seeds — We can grow enough 
coriander, caraway, anise, ajowan, etc., by follow- 
ing an economic i)olicy. It is possible to produce 
thymol which we arc at present importing in huge 
quantities. In Russia alxjnit seventy thousand acres 
of land are devoted to coriander plantations only. 
The coriander oil yields the following aromatic 
chemicals, viz., Dccyl aldehyde, I/kialol, Linalyl 
acetate, synthetic Lemon oil which are all useful for 
perfumery and for soap trade. We have in South 
India clove, cardamon, pepper and other spices which 
require development. Wc are being flooded from 
Zanzibar and other places with natural cloves, clove 
oils from buds, clove oils from stalks and alsr^ with 
exhausted cloves for purposes of adulteration. 

We are selling ginger, turmeric and other use- 
ful materials without the slightest preliminary treat- 
ment. We can conveniently extract oil and produce 
oleo-resin ginger and sell the finished product at a 
decent price. 

If we take into account what other countries 
are i)roducing we find wherever climatic conditions 
and finance permits, suitable undertakings have 
.sprung up to work out and take full advantage of 
the natural resources of the place. Each of the.se 
new ventures in addition to the old ones tries to 
flood the Indian markets with essential oils and 
aromatic chemicals. We may, therefore, in the near 
future have to face a serious dumping campaign 
unless our present Government ban once for all such 
importation. ^ 

The Essential Oil Industry needs very badly a 
good laboVatory to test the various indigenous pro- 
ducts and also to teach and train a band of science 
graduates for future absorbtion in the industry. At 
the present moment the Indian Institute of Science, 
Bangalore, the Benares Hindu University, the Forest 
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Research Institute, Dehra Dun are playing their 
legitimate part in this connection. 

The credit of carrying out really scientific 
methods and processes in essential oil factories goes 
to^the Indian Institute of Science, Bangalore. The 
most notable work of this great institution is the 
opening of the Mysore Government Sandal Wood Oil 
Factory, Bhadravati* Iron W'orks and many other 
Mysore State concerns. I'lie Institute has l)een 
responsible in giving encouragement to a large 
number of weyrkers under able professors to carry on 
research *work in this line. Dr Watson and 
Dr Sudl>orough have by their painstaking efforts 
trained a large number of Indian students in carrying 
out researches in this line. The Institute, being an 
all-India organisjition attracts students and workers 
from all i^arts of liilia and has been the forerunner 
of research work in essential oil bearing plants in 
various institutions in India. The publications of 
the Institute will show the amount of spade work 
that has already been carried out there. In addition 
to providing for researches in i.)ure chemistry it has 
also other departments which have contributed to the 
success of its l.Knng truly called the Industrial 
Lalxjratory. 

Next in order of importance comes the Benares 
Hindu University. During the last lo years it has 
trained a number of students taking essential oils 
as their special subject for degree course. A number 
of such trained students have already started 
independent concerns of their own and also helped 
to fill up a long-left gap in various concerns requiring 
the need tff essential oil chemists. It is to the 
credit of the Benares Hindu University that they 
have been able to enlist the sympathy of an Indian 
capitalist in starting an essential oil factory, viz,, 
the Hindusthan Aromatics Company, Naini, 
Allahabad. 

Next comes the Forest Research Institute at 
Dehra Dun. Though its activities are mainly 
towards forest consc^rvation and utilisation of forest 
materials, a number of workers have carried out 
researches on essential oil l)earing roots, woods, 
leaves, seeds, fruits, etc., in the past. The appoint- 
ment of Forest Utilisation Officers is a very desirable 
move and any specific matter referred to them is 
being attended to wdth as much care as possible. 

• 

Uast comes the Victoria Technical Institute, 
Bombay. Their technical courses have been of a 
very practical nature. T am glad to note that one 
of the .students is actually running^ an estate pf 
about one hundred acres devoted for the cultivation 
• of essential oil bearing herbs— Davana-— in Mysore. 


There are a large number of Agricultural 

Colleges in India but unfortunately the contributions 
of research work on essential oil Ixjaring problems 
have I)een meagre. Uet us hope that they will in 

the near future include a course on •essential oil 

yielding i>lants, particularly in such provinces as 
are likely to be vefy ccvidi^dve to growth of essential 
oil plants and herbs as alternate er(>])S or on stretches 
of land going to waste. 

Among the foreign iiistitulions who have taken 
considerable interest in Indian raw materials may be 
mentioned the Imperial Institute of hondon, the 

Koloniaal Institute at Amsterdam, Department of 
Commerce, Washington, various Chambers of Com- 
merce and universities of the respective countries. 
The Imperial Institute of Dondon as is evident from 
its publication have acted as a very good checking 
station for some of the results obtained in institutions 
in India. The present day sources of authoritative 
information on recent developments in essential oil 
industry is through the journals of the various 
countries in the world. Great Britain has four to 
its credit, (i) l*crjumcry C?-* Essential (hi Record, 
(2) Soap, Eerfumes and Cosmetics, (3) Chemist Cf 
Ihuggist and (4) Manujacturing Eerfumer, A major 
portion of the articles relate to some problem or the 
other connected with use of essential oils and 
aromatics. France has got two or three of them, 
vh., (1) f.es Parfuws dc France, (2) La Eerfumerie 
Modetne and (3) Bulletin and later Researches of 
Roure Bertrand ImIs. Germany has nearly half a 
do/.en publications, viz,, (i) Schimmel il' Co.^s world 
famous annual reports, (2) RiechsiofEindusirie und 
Kosmetik etc. United States of America publish 
t\fo or three of them, viz., (i) American Perfumer, 
(2) Soap, (3) (?il, Paint df Drug Reporter. Italy has 
Rivista Italiami dcllc Essenze, dei Erofumi e delle 
Eiantc Officinali. Austria has Ole, Fettc, W’achse 
published from Vienna. • Japan too has a few of 
of them. If the progress of any industry is an index 
to the scientific development of a country then 
surely we are the most backw'ard as there is not a 
single journal in India devoted solely to this subject. 
Our sources information for the time being will 
have to lx? mostly frr>m foreign journals and 
periodicals. 

• 

We are not only backward in the matter of an 
essential oil journals but are alsc) etiually so in the 
method of collecting and codifying statistics in this 
line. The method adopted for collecting data are 
rather defective if not faulty. It is a pity that our 
Indian Chambers of Commerce with a fairly large 
numl>er of members is mo.stly concerned with trade 
concessions rather than industrial development. It 
is the duty of every Chamber of Commerce to under- 
take collection of proper statistics in every branch of 
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trade for which the Chamber is intended. It would 
not be difficult for a Chamber of Commerce to 
employ suitable men exclusively for statistical work. 
They would be really doing immense service to their 
constituent members. If this is done a greater 
number of traders w ill also l)e happy to enroll them- 
selves as meml)ers. This piiWic sympathy of traders 
for Chambers of Commerce would certainly go a 
great w'ay to make the present Government feel 
interested in them. At the present moment we are 
to depend upon the Customs authorities for what 
little information they choose to publish. Kven 
there the Customs authorities are interested more in 
the collection of revenue rather than keep a proper 
statistical record. It is not unknown to any busi- 
ness man that whenever he gets a consignment of 
goods from a foreign country he has to fill in a 
custom manifest for purposes of duty Ixifore clearing 
the gcK)ds. Unfortunately the type of clearing 
vSirkars who usually fill up the manifest do so 
somewhat haphazardly. There is no remedy for 
preventing the entry of one and the same article 
cither under the head “Medicine*' or under the head 
“Kssential oils’* or under the head “Chemicals** or 
under the head “Drugs** or under the head “Per- 
futnery** or under the head “Confectionary** or 
lastly under the head “Other sorts not specified**. 
Hence statistics published by the Commercial 
Intelligence Department in the essential oil and 
perfumery line is open to a good deal of correction. 

The following tables give the approximate 
annual figures for imports, for exports and also the 
figures for internal consumption in India. The 
figures have been compiled by taking into account 
transactions covering a period of fifteen years, i.e,, 
from 1925 onwards. 

From these tables one can judge for himself 
what ejuantities of essential oils and aromatics India 
can produce taking into jfccount her vast extent of 
land, her vast varied climate, her vast population 
arid lastly her vast capacity for internal use. 

The tables on the next page taken from Messrs 
Schinimel & Co.*s Report of 1934 will be found 
interesting and instructive with reference to what 
has been said above. 

Many of the Native States in India liave been at 
considerable pains to develop their economic 
resources during the last forty years. Among the 
most progressive ones are Mysore, Travancore, 
Baroda, Gwalior, Hyderabad and others. 

Mysore, under its able Dewan, Sir M. Visve- 
svaraya will be remembered with gratitude by the 
future generations of India for showing to them how 
under proper Government support the resources of 
India could be developed. 


The other Native States can easily, if they so 
choose it, help in starting State or private factories 
in their own territories.* 


Axnuai, Imports. t 


1. Essential Oils from grasses 
2 Es.sential 


3. .. 

4. „ 

5 . 

6 . 

7. „ 

8 . 

9. Synthetic 
10. Arcmiatic 


leaves, stems 
stalks '* 
seeds 

ffXJts and bark 
fruits ... 
flowers 
wood 

resins and gv^s 
Oils 


and 


bXsential 
Chemicals 

11. Flavouring Essences (Alcoholic and non* 

alcoholic) 

12. Fruit Extracts and Essences ... 

13. Kssential Oil producing leaves 

15. ,, ,, „ seeds 

16. ,, ,, dowers & buds 


Rs. 


10 , 00,000 

4.25.000 
3,42,500 

3.40.000 

5.69.000 

15.05.000 

5.69.000 

20.76.000 

58.15.000 

76.76.000 

20,00,000 

10 . 00.000 

1,00,000 

6.72.000 
40,00.000 


Total ... Rs. 2,83.39.500 


.\NNUAU Exports, t 


1. ICssential 

Oils 

from grasses ... 

... Rs. 25.90.000 

2. 


„ wcx)d 

25,90,000 

3. 

ft 

I)rodiicing seeds 

1,1 5, as, 000 

4. 

»> 

,, roots 

... 51.00,000 

5. 

II 

,, wood 

• „ ? 

6. 

1 1 

,, gums 

... .. ? 

7. 

> I 

„ fruits 

... „ ? 

8. „ 

♦ 1 

„ bark 

... ? 


Total t Rs. 2,17.55.000 


1 .N nCKN.U COiNSl MI»TIOX. t 


1. 

F^sscntial Oils from grasses . 


Rs. 16,50,000 

2. 

1 . ,. ,, leaves 


„ 15,89.000 

3. 

.. ,, ,, sced.s 


„ 3,23,000 

4. 

,, ,, ,, roots & 

barks 

„ 11,70,000 

5 

„ ,, ,, flowers 


„ 55,00,000 

6. 

,, 1 , ., woods 


„ 4,65,000 

7. 

„ „ ,, fruits 


„ 4,39,000 

8. 

„ ,, „ resins & 

gums 

„ 68,500 

9. 

Synthetic. Essential Oils 


.. 60,00,000 

10. 

Vromatic Chemicals 


.. 80,00,000 

11. 

Flavouring Essences 


20,00,000 

12. 

Fruit Extracts and Essences . 


„ 10,00,000 



Total 

§ Rs. 2,82,04,500 


* The author acknowledges with gratitude the kind 
help rendered by the Essential Oil Exploratcry Committee 
under B. S. I. R. and the authorities of tlie Royal Botanic 
Oardens at Sibpur in preparation of this discourse. 

t There may T>e a few omissions here and there and also 
there may be some mistakes in numerical calculations. The 
apthor will be grateful if the mistakes are pointed out. 

+ There are many items for which figures are not yet 
available and hence the total is not wli.at it should be. 

§ These figures are probably much lower than actuals. 
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i 

Volatile oil. 

Average annual 
production. 

Ajowan oil 

2 to 3 t 

Bay oil 

8 to 10 t 

Calamus oil ^... 

1 to 2l 

Caraway oil ... 

(?) 

Gingergrass oil 

1-5 to 31 

Orris root oil 

1 to 2t 

TJnaloe oil, Maxican ? ... 

? (formerlv 5 t) 

Mjindorin oil ... 

5t ■ 

Myrtle oil 

2 to 3t 

Neroli oil • ... ...j 

1 2 to 2 5 t 

Niaouli oil 

i 5 to 10 t 

Pimento leaf oil 

3 to 5 t 

Rue oil 

2 1 

Rose oil 

2-5 to 3-5 t 

Queiidcl oil 

5 tn 61 (?) 


Volatile Oils with a total annual production krom 
1,000 to 10,000 Kg. 


Ohfiin. 


British India. 

West Indies. 

Russia. 

Holland, iViiierica, Uniied States, (lenuauy, ICnj^latid. 
Rritish India. 

I'rancc, Germany. 

Mexico. 

vSicily, Calabria (5t), Jamaica (limited quantity). 

Spain (2t), Italy (0*5 to It). 

1‘rance (1*5 1), .Mjjcria ami Tunis (0-2 In O S l), Italy (0-2S 
to 0*4 t), Spain (01 to 0-2 t). 

New Caledonia 
West Tmlies. 

Spain. 

Bttlj^ria (2 to .^t), Turkey |0*3 In OKI), Italy (0-1 ic) 015 t) 
Russia. 


Volalilc oil. 


Anise <nl 
Biller Granjje 
Cananjja oil 
Chenojjodiiim 
Coriander oil 


oil 

<*!l 


N'oi.Mii.v: oii.s WITH a totai. \\sr*i. rKiviuiiioN i-kom 
l().(KW TO 50.0000 k'K 


i .ivcraffc annual 
j ffroduction. 


20 to 25 t ( ?) 
25 t 

10 to 15 t 
20 to 30 t 
30 to 35 t 


Juniper berry oil 
i^imc oil 

Mawali oil (fr. IVlar- 
jfoniiiiii jjravcolcns) ... 
Pennyroyal oil 
Orij'anuni oil ... 
Palniarosa oil 
Palclionli oil ... 

Sassafras oil ... 

Vetiver oil 
Winterjjfreen oil 
Thyme oil 
Tlaiiff-Ylanj' oil 


5 to 10 t 
30 to 40 1 

12 t 

■ 15 to 20 t 
30 to 40 t 
30 to 40 t 
IS In 23 t 

40 to 50 t 
12 to 15 I 
35 1 

25 to 30 I 
17 to 24 t 




Russia. 

Sicily and Calabria (201), Jamaica (5 1). 

Java' 

Cnited States. 

Russia (30 1), tiermany, Unitetl Stales, h'njjlaml, Iliinj^ary, 
Italy, Oeclioslovakia (?). 

Czcclio.slovakia (5 lo*10l), Hungary, Jny;r>-sla\ ia ( '*) Gi rmany, 
West Tndie-. 

Britisli-blasl Africa and Bcl).cinii Coiij.jn. 

Spain (10 1), *riiited States (5 to 10 t), Algeria (.ri. 

Spain (25 to 30 1), Italy (5 to 10 t), France (?), Palestine ( ?). 
British India. 

Briti.sh Malay States and Straits Sctlleiui in'. (15 to 20 1), 
Seychelles (3 to 5t). 
rnited Slates. 

Reunion (6 to 15 t), Java (5 tn 10 l). * 

I Tilted States. 

Spain (25 1), France (0-5 t<i I 1), Italy ( ?). Palestine (?). 
Manila (0'7 to 0-8 1), Madaga.scar (15 to 20 1), Reunion 
(2 to 3 t). 


Volatile Oils with a tot.al annual pRourcTinN from 
50 TO 100 TONS. 


Volatile oil. 

Average annm 
production. 

Cinnamon leaf oil 

90 to. loot 

Cajeput oil 

95 to 100 t 

Petitgiain oil ... 

82 to 92 t 

Schin oil 

30 to foo t 


Origin. 


Ceylon (50 hi 60 t), Seychelles (40 t). 

Dutch Indies (90 to 100 t), .\nruim (5 t), 

Paraguay (80 to 90 t), France (1 to 2 t), Italy (0-5 to It), 
.\lgeria (0-25 to 0-5 t). 

Japan. 
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VOIiATlI.E OlUS WITH AN ANNUAL PRODUCTION OVKR 100 TONS. 


Origin. 


Spain (125 to 150 t), France (25 t), Italy (?), Dalmatia (?). 

Tongkong (100 1), China (300 to 400 t). 

Calabria (170 t), United States (experimental), Guinea (ex- 
perimental). 

Brazil (nearly 100 t), Guaiana (15 to 20 t). r 

United States (100 1), Morocco (4 to 5t), Italy (01 t). 

Sicily and Calabria (700 1), United States. (100 to 125 1) , 
Martinique (0-6 1), Madagascar (0-1 t), Guinea (experi- 
mental). 

Cevlon (500 to 700 1), Java (1,000 to 1,200 1),* India 
' 5 to lot). ^ 

China (100 to 200 t, Cassia oil) Java (2 to 5 t)*, Ceylon (5 to 

6t). 

Japan (300 1), Formosa (1,200 to 1,500 t). 

Australia (400 1), Spain (80 to 100 1), India (?), Italy (0-25 
to 0*5 1). 

Reunion (80 t). North Africa (20 to 30 t), Grasse (2 to 3t), 
Spain (1 to 2t), Russia (3 to 5t). 

Madagascar (?), Kuropean countries. 

France (80 to 100 1), Spain (2 to 3 t), Italy (10 t), England (?). 

India (150 to 270 1), Madagascar (40 to 50 1), Martinique 
(0-4 to 0-5 t). 

United States (350 to 400 1), Japan (250 to 300 1), Italy (100 
to 120 1), Russia (10 to 20 1), France (20 to 30 1), 
England 5 to 10 1). 

Tyrol, Czechoslovakia, Russia, Sweden, Switzerland (?). 

Sicily and Calabria (fell from 100 to 25 1). Guinea (100 to 
120 1), Jamaica (30 t), California (25 t), .Spain (10 to K^t), 
South Africa (10 to 15 t). Brazil (0-5 1). 

Spain (70 to 100 t), Jugoslavia (10 to 15 t), France (5 to 10 t), 
Italy (1*5 t). 

Mysore (70 to 80 1), European countries ( ?). 

Australia (25 to 30 1). 


DIET MAKES PLATINUM FOXES 


The platinum foxes imported from a small farm in Norway last year made a sensation. Only 
a certain strain could .product fur of the platinum variety. Dr Agnes Fay of the University of California 
finds that simply by depriving ordinary silver foxes of one of the “B** group of vitamins she can obtain 
the platinum liind of fur every time. This discovery was made during experiments to determine the 
Iiossible connection between lack of antigray vitamin and gray hair and premature old ^e in human 
tieings. 

Unfortunately, Dr Fay*s artificially platinized foxes do nbt produce furs so durable as the 
Norwegian variety. She thinks the difficulty can lx; overcome by proper control of diet. 

— The New York Times, 


1 

1 

Average annual 
production. 

spike oil 

SlaraniiPe oil ... 
Bergamot oil ... 

150 to 175 t 
,400 to 500 t 

not 

Linaloe oil 

Cedar\vo<.>d oil 

Lemon oil 

loot 

100 to lost 

700 lo 800 1 

Citronella oil ... 

1,.500 to 1,700 t 

Ca.ssia oil and ciniiainon 
bark oil 

100 to 200 t 

Camphor oil ... 
Eucalyptu.s oil 

4,200 to 4,500 t 
soot 

Gcraniiini oil .. 

100 to 125 t 

Clove oil 

Lavender oil ... 

Lemon grass oil 

(?) 

05 to 1 15 t 

190 to 320 t 

reppcrinint oil 

725 to 850 1 

Pine and Spruce needle 
oil 

.Sweet orange oil 

(?) 

200 to 250 t 

Rosmary oil ... 

! 100 to 125 t 

.Sandalwood oil l^ast 
Indian 

Sandalwood oil, Austra- 
lian 

70 lo 80 1 

25 to 30 t 



Medicine & Public health 


American Public Health Programme 

In a paper read l)efore the Western Branch of 
American Public Health Association in June, 1Q40 
and published in the American Journal of Public 
flealth, Sept, 1Q40, Drs. Armstrong and Shepherd, 
who l)eIong to the well-known Metropolitan Insur- 
ance Company, have made some valuable suggestions 
for a co-ordinated health programme for their 
country. Within limitations, they will be found to 
l>e useful for thbse who wish to see the public health 
I)olicy of India brought up to date. The proposals 
detailed below Jit in with the ideals of democracy and 
involve a minimum degree of compulsion, politicali- 
zation and the kind of collectivism (of which com- 
pulsory sickness insurance is an example) that in so 
many countries has been concomitant with dictator- 
ship. The chief emphasis has been laid on preven- 
tion and the participation of the medical profession 
and voluntary co-operative agencies. 

A thorough-going public health and preventive 
medical programme, including education as well as 
practical services should receive first consideration. 
It will aim to decrease, so far as is within our 
l^ower, the burden of preventible illness. Any 
degree of success here will cut down the necessity 
for the more expensive diagnostic and therapeutic 
facilities, all of which must lx? paid for, whether by 
fees, taxes, philanthropy, or insurance. Experience 
shows that prevention is soon lost sight of when the 
community becomes distracted with fund raising 
schemes to pay for the treatment of illness. Though 
unspectacular and often intangible, prevention is a 
wise investment. It requires, however, continuous 
exploitation and promotion, since the more success- 
ful it is, the less spectacular it becomes ; and the 
less likely, therefore, to receive financial support. 
Nothing stimulates the purchase of fire engines like 
a bad fire, and nothing increases the health depart- 
uvent budget like a bad epidemic. 

Next, a high standard of private medicdl services 
must be maintained and fostered. This includes 

*6 


continued and increased funds for the l)est of medical 
training, both under-graduate and ix)st-graduatc. It 
also includes ample funds for the research which is 
essential to tlie advance of medicine. It involves 
adequate compensiUion for the private i)ractising 
physician. Even though largely supt>orted by the 
fraction f)f the poi)ulalion comprising the upper 
economic levels, private practice, medical education, 
and research are the germinal fields • from which 
spring much of medicine’s growth and progress. 


Voluntary and State Efforts in Health Programme 

To achieve success in health programme people 
should be encouraged to c()-oi)erate by prepayment 
plans to cover hospital costs, medical costs, cash 
indemnity against wage loss, and combinations of the 
three. Experiments should also include cash l)enefits 
to cover hospital and medical costs, as well as service 
benefits with no cash. The striictiirc of these 
experimental plans should be adapted to local needs, 
traditions, and choices. vSponsorship may come frouj 
any responsilfie organized groups, such as industries, 
unions, farm granges, mutual benefit scx?ieties, or 
from medical orgatiizalions. 4ii all cases, medical 
advisory leadershi]) is essential, including proi)cr 
attention to prevention. As rapidly as they prove 
successful, these experiments sliould be expanded 
to include as large a fraction of the employed popula- 
tion and its dependents as can pay its way into such 
a programme. The more people included in such 
plans, the fewer will reciuire other types of plans 
which are less satisfactory lx?cansc .they offer less free- 
dom. Such voluntary prepayment plans, might well 
be encouraged on a commercial group insurance basis 
witji the well established insurance companies, in 
which the employer participates in the cost. Group 
sickness insurance with a reliable company, provided 
by the employer and employee jointly through pay 
roll deductions, should be an important link in 
personnel relations, and might lift many employees 
out of the class of ‘'medical indigents”. 
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Combinations for Spedal P^Ution Units 

Full development of virfmlary prepa3anent 
plans may still leave certain non-indigent groups 
uncared for, such as scattered agricultural groups, 
small shopkeepers, and self-employed individuals. 
Health and medical needs for these units can pro- 
bably Ix* met best by a combination of adequate 
public health services, a better implemented private 
medical practice, and perhaps, in some areas, hos- 
pitals and other facilities supported by local funds 
or by Federal or State subsidy. Such subsidies should 
facilitate but not regiment the practice of medicine, 
and should vary according to local needs and choices, 
all the way from providing physicians with free 
biologicals, essential laboratory services, and access 
to a hospital which is publicly supported, to a mini- 
mum fixed salary or income in isolated instances. 

Hospital facilities and medical care at public 
expense should in the meantime be continued and 
enhanced, with medical relief under the supervision 
of the medical profession. Enhancemeht should be 
along the lines of providing competent medical and 
nursing care where practicable in outpatient clinics 
and in homes, and should include adequate compen- 
sation for physicians rendering care to indigents, on 
a locally determined fee rather than a salary basis. 
vState or local subsidy will often be essential for areas 
overwhelmed by indigency, but even here use should 
lx made, as far as possible, of the freely chosen 
private practitioner, or of such medical personnel as 
may have been co-ordinated under the auspices of 
private medical or voluntary prepayment schemes. 


Birth Control Programme Sponsored by the State 

F'ikij) Nurse Frances R. Pratt, writing in Sep- 
tember, 1940 Number of the American Journal of 
Public Health, gives *us some information about the 
first birth control programme initiated by any State 
department of health in U. S. A. The objectives 
of this programme were three-fold : 

c 

1. To reduce the high infant mortality rate 

and the loss of mothers* lives. 

2. To curb the high birth rate among depen- 

dent families and create an awareness 
, of the importance of proper spacing of 
all future children of the State as the 
prerequisite for healthful and happy 
family life. 

3. To endeavour to increase the birth rate 

among the physically fit, and the finan- 
cially and intellectually competent, ' 


Several social service organisations did valuable 
ground work since 1932 by educating the population 
to seek a better medical health programme for indi- 
gent mothers who supported the idea of passing rcsb* 
liitions on the establishment of birth control centres 
on the subject at various centres. Two and a half 
years ago the State Board of Health quietly and 
unostentatiously devised plans whereby indigent 
mothers, overburdened by too frequent pregnancies, 
and in most cases suffering from disabling diseases, 
were given contraceptive advice through the countr\ 
health officials. The health department realised that 
.something definite .should be done to control tlio 
birth rate among the diseased of the indigent class, 
and at the same time bring relief and better health 
to a large group of indigent helpless women whose 
pleadings for birth control information had long gone 
unheeded, especially in view of the fact that there 
were no longer Federal or State legal restrictions 
against giving this information. The indications for 
birth control were more medical than anything else 
and no case was advised unless a private physician 
or the medical society or the health officer so advised, 
as the object was to prevent legitimately furlhei 
births among women who are bad maternal risk?, 

l>oth for themselves and for their babies. 

• 

Clinics have been established and placed in 
charge of specially trained public health nurses. 
Patients arc received at the centres for a number of 
reasons— enough children already, child spacing 
desired, and for any justifiable medical indication. 
In some centres patients are referred to hospital 
clinics, in others to family physicians, private 
physicians, health department clinics, or they are 
instructed through home visits by public health 
nurses, the last being more applicable to rural dis- 
tricts. 

The State programme was initiated in March. 
^937» when there were only two clinics. At the end 
of the second year, there were 62 centres in Go 
counties, which has instructed over 2000 patients. 
An indication that the general programme is pro- 
ducing results is that the vital statistics of the Stitc 
during the first 6 months of 1939 compared with tin- 
first 6 months of 1938 showed a decrease both in 
infant and maternal deaths. The decrease has 
affected both birth and death rates. 

Arrangements have been made with the Institute 
for Research at the University of North Carolina to 
make a careful study of the case records kept by the 
health debartments to determine the effectiveness ot 
the different methods employed and the success of 
the general programme. 




Substitution of Organs by Transplantation 
F. Kandiba 


At the last International Congress of Physio- 
logists in Moscow, the severed head of a dog, which 
went on living without the rest of its Inxly, was 
demonstrated. Glass tars siil>stituted the trunk, 
while an artificial heart supplied liquid from the 
substances in its arteries through tubes. The spec- 
tator could see for himself that the head retained the 
reflexes of a living dog: it moved its eyes, pricked 
its ears, twitched its nose, and dribbled. 

The members of the Congress stood long before 
this head, for it marked a new stagef in science, a 
step forward to the marvellous land of the future, 
when doctors and physiologists will have learned to 
preserve the life of the organs of a living body 
separately, and to tran.splant them if necessary into 
(,thcr living bpdies, for the rencw’al of their health 
niicl faculties. 

The solution of this problem has been the object 
of research of thousands over a long period of time. 
For wdiat could be more interesting than the inospect 
of substituting a healthy organ for one which has 
hecome diseased or deformed, and cannot l>e cured? 

Up till quite lately operaticnis of this sort have 
existed only in the dreams of scientists, or the i>ages 
uf fantastic novels where gifted surgeons modelled 
living organisms as if they were sculptors making 
clay figures. And yet not long ago the successful 
transfusion of blood aiq)eared just as fantastic, and 
now it is carried out in any big luwlerii clinic, and 
no surgeon could do without it either in war or in 
l)eace. 

The transplantation of tissue, which began with 
the substitution of missing pieces of boue, sinews, 
gristle, etc., and was subsequently fairly widely prac- 
tised in the form of the transplantation of glands of 


internal secretion, has now become an everyday 
phenomenon. 

Many surgeons, notably the well-known Pro- 
fessor Bogoraz, of Rostov, now transplant the hypo- 
physis of corpses to persons, defective owing to 
inadequate functioning of this gland, who begin to 
grow and attain puberty. The no-less famous Aca- 
demician Filatov, of Odcssii, whose speciality is 
opthahriology, transfers the cornea of corpses to the 
blind, restoring to them their sight. By the trans- 
plantation of* the skin taken from corpses Academician 
Filatov cures lupus and abscesses of all sorts, formerly 
considered incurable. 

Innumerable examples of this sort might Ikj 
cited. But even they do not presuppose the [jossi- 
bility of substituting diseased organs by those trans- 
ferred from another person. From the point of view 
of modern medicine the chief significance of the 
operation of transferring tissue lies not merely in the 
fact that the transplanted tissues becomes living and 
ill itself compensates for that which was lacking in 
the patient ; but the significant fact is that these 
tissues are absorbed, and disappear,* thereby aiding 
the diseascxl organism to wipe with its disease ; the 
hy-proclucts thrown off by the transplanted tissue 
stimulate and enhance the faculties of the correspond- 
ing organs in the patient. Thus, the transplanted 
lK>ne is absorbed, but a new, strong bone is formed 
in its place. Transplanted glands are absorbed and 
disappear entirely, but during the process of absorp- 
tion, the corrcsiiondiug glands of the patient formerly 
defective or subnormal become active and begin 
intensive work. The transplanted tissue only con- 
tinues its lasting vitality, when transferred from one 

part to another of the same person or animal. 

• 

And yet every effort to transfer a whole organ 


t The invention by Carrel and ^itnlbergh at A'® 
feller Institute for Medical Rcscarcli of a hife Chamber 
consisting of an artificial Iwdy of heart, lungs and bUKjd- 
stream enabled scwitists for the first tnne to keep these 
or^'ans functioning and even growing for a 
outside the body. These authr>rs have since published a 
bw>k on the Culture of Organs which contains itiany inter- 
esting observations on the survival of organs outside the 
body. The possibility of the preservation of the 
orjran independently of the Ixidy as a whole 
long ago when it was pointed out that the heart of a ^y, 
dead of pneumonia, could be revived 

after "'death and interment (b. Hill— Advance, tn^ 
i^hysiology, 1989, p. 58)— Ed. S. & C. 


from one person to another has so far ended in failure 
Up till quite recently even the operation of trausferr- 

• Sleinacli, Sand, bipschutz and Voronoff, however, give 
a different version. The testicular grafts in the male, if 
examined some months after re-implantation, show great 
hypertrophy of interstitial tissue but complete absence of 
si^riuatogenesis. In such series of experiments, the senile 
testicles of the host arc rejuvenated on account of the 
general rejuvenation of the body caused by the hypertrophy 
oi^ the interstitial tissue (vide WoxonoH—^'Grefe des glandcs 
evdocfinef, 1939)— Ed. S. & C. 
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ing the. extremities from one mammal .to another 
failed. The transplanted organs quickly died off, 
despite the fact that all blootl -vessels and nerves 
were joined with an exactitude hitherto unknown to 



Sclienie of tlie trans|ilaiilali(m of a paw from <ine 
rat to another. 

.surgery. The dying off and absorption of trans- 
planted organs took place not only in cases of 
iioii-coincidcnce of blood-groups of the two organisms, 
but even when they ** coincided.** This fact was ex- 
plained by the differing protein-contents of 
organisms. 

The first to demonstrate that this view was mis- 
taken was the American Schwind. IJe sewed up 
young rats in pairs, and then transplanted from one 
to the other their paws and tails in the same way that 
a toe is transferred from the foot to the hand of the 
.same i>erson. The transplanted extremity remained 
joined to its former owner by a tiny limb formed of 
skin, muscles and blood-vessels. The blood circu- 
lated through this liinlj until the extremity had begun 
to live in its new place. The limb was then severed, 
and the rat remained the sole owner of the new paw, 
<jr tail. Thus for the first time rats with five paws 
or two tails were seen. These rats went on living, 
and enjoying fair health, despite their strange 
appearance. 

The Moscow Institute of Cytology, Histology 
and Kmbryology under the U. S. S. R. Academy of 
Science, is also working in the sphere of the trans- 
plantation of tissue and Dr. A. G. Lapehinsky, a 
member of its scientific staff, has, in addition to 
successful repetitions of Schwind*s experiment, gone 
still farther. 

Dr Lapehinsky has made experiments on the 
transplantation of tissue with rats, cats, and dogs, and 
achieved interesting results. The work of the surgeon 
here was of the titmost complexity and skill. He 
transferred the l)ack paw of one young rat to another, 


joining bones, sewing up muscles and nerves, and 
leaving a limb of skin and muscle for temporary 
blood-supply of the transferred paw. Thus the proper 
supply of oxygen and nourishment of the severed 
organ was ensured till the time when connections of 
the blood-vessels between itself and its new ®wner 
should be established. A few days after the opera- 
tion the connecting limb waj^ cautiously squeezed for 
ten minute.s, twice a day, in order as soon as possible 
to isolate it from the circulation of its former owner. 
Then this limb, connecting one rat with the other, 
was severed, and one rat remained With,, two left back 
paws, the other, with one right. 



Vk;. 2. 

A rat whose both hiiul paws are Uil paws, riie paw 
at left luis been Iransidaiited from am)tfier rat. 

(V'iew' from behind). 

AI>out a month after the transplantation, rats 
thus treated had begun to u.se the transferred paw. 
And then all traces of the operation began to disap- 
pear. The rats began to jump about, were able to 
scratch behind the ears with the transferred paw and 
squealed with pain if the paw was pricked. Thus, 
not merely the activity, but even the .sensitivity of 
the transplanted extremity had been restored. More- 
over, it grew and dcvelui)ed, and five and a half 
months after the transplantation had attained normal 
circulation and sensitivity. From the tiny paw of a 
newborn rat it had become the full-sized paw of an 
adult rat. It was not absorbed, and of course there 
could be no question of the substitution of the trans- 
ferred organ by the tissue of the animal to which it 
was transferred. Animals so treated have been 
living in the laboratory upwards nf one and half 
years. 

In the opinion of many scientists the success of 
the transplantation in this instance may be ascribed 
to the fact that the transferred organ was ensured 
correct supply of oxygen and nourishment of^ the 
cells from the very beginning. It is higjily probable 
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that the failure of previous transplantations was due 
to inadequate observation of these conditions. It is 
significant that operations such as the transplanta> 
tion of the cornea and the transfusion of blood, not 
demanding any special blood-supply have l)een so 
ffjLt the most successful. 

Dr Lapehinsky considers that, since the trans- 
plantation of organs has been proved possible with 
rats, there are no grounds for supposing it to lx? 
theoretically impossible with other mammals, even 
with human beings. 



ViG. 3. 

A rat whose both hind paws are left paws, fhe 
paw at left has hetrii transplanted from another nt. 

(Rdnty^cn ray photography). 

Another, no less interesting series of exi)eri- 
ments carried out by Dr Lapehinsky and Dr Malinov- 
sky, another member of the scientific staff of the 
same institute, confirms this lx?lief. This time the 
transplantation applies to teeth, and was done on 
rats and dogs. 

At first the transplantation was applied to the 
hip-bone, where teeth cannot grow naturally. In this 
way, in the case of a successful operation, there could 
be no doubt as to the origin of the newly-formed 
tooth. The embryonic, and not the forme<l tooth 
was used, as l)eiug more susceptible to growth and 
showing greater adaptability to new conditions than 
hardened tissue. 

Embryonic teeth were taken from ucw-lx)rn rats. 
Then the leg of a grown rat w^as incised, the hip-bone 
drilled, and the embryo-teeth transplanted into the 
marrow-cavities after which the wound was sewn up. 
Two months later a slight protuberance could be felt 
on the surface of the bone, and in another few months 
a normal tooth appeared on the area treated. 

Similar experiments were made on dogs which, 
as regards the conditions for transference of tissue,, 
are much nearer to human beings than rats. These 
^periments were still more successful. ^ ^ 


The embryo teeth of a puppy which died acci- 
dentally at twenty days, were transferred to the hip- 
l)one of a dog, the day after the imppy's death. In 
a month protuberances could distinctly lx? felt on the 
lx)ne, and a little later a normal dog's tooth deve- 
loped. A Rontgen-ray photograph ^owed that, in 
addition to the visible* parts of the tooth (the crown 
and neck) two normal fangs had grown inside the 
bone. 



Pic. 4. 

Tooth dfvciopeil in ihr hip'ltonc of a 


The experiments drew the following conclusion 
from this fact : If the transplanted embryo teeth 
developed in the hip-bone, they would do so still 
belter jii the jaw, This coiidusion was confirmed in 
the most conviucing uiaiiiier. Eiuliryo teeth from a 
puppy, IrajlJiferred to llie jaw of a grown dog, deve- 
K)pe<l in about mouths into normal teeth, diffi- 

cult to dislinguisli from the original teeth. 

The next stage in this work is the experiineiil of 
transplanting embryo teeth to a human l>eing. Dr 
Lai)cliinsky and Malinovsky are now jireparing for 
this work. 

The e.xperimcnts of these lw(^ doctors afford 
grounds for the supposition that in a few years the 
transplantation to adults of the embryo teeth of 
infants, dying from accidental causes, will become 
ail everyday malter. Three mouths after transplan- 
tation new, young, l^^ealthy teeth will develop in the 
jaw. 

Of course the experiments here described are, 
like the transi>lantation of the cornea, the first humble 
steps on the road to the substitution of the organs of 
the human body. The results achieved, however, 
permit us to hope for further success. Scientists and 
exper.nnenters working in this sphere are advancing, 
slowly but surely, towards the fulfilment of one of 
the oldest dreams of humanity, the restoration to man 
of missing parts of his, body. 




Letters to the Editor 

[The editors are not responsible for the views expressed in the leliers,] 


A Method of Estimating Variance of Sample 
Grand-mean and Zone Variances in unequal 
nested Sampling 


In nested sampling the fundamental problem is 
estimating the error of the sample mean. This error 
is an expression involving all the zone-variances 
which are unknown. The mathematical expectations 
of the known variances from Analysis of Variance 
table arc linear functions of these unknown ones. 
These linear functions have been found and the 
problem solved for most generalized case with un- 
e(iual sampling in each zone. 

« 

Any sample in a w-fold nesting is represented by 

Xiii2 iw ~ A + -f "Biji2 iw 

where A is a constant and for i « K £ cu 

(1) ik goes from i to ‘Niii2 \<o 

(2) E 1 ‘‘Biii2 ik H o 

(3) E { ‘‘Biii2 ik}*“<yk* 

( 4 ) 2 2 ... 2 '‘Niii 2 ... ijd'wi — '‘Niji 2 ... ip-i ' 

ipip+i ik-i 

(i “£ p 5 k - i) and ’‘Niu = '‘N say. 

Typical term in analysis of variance will be 
S (Xiii^ .. ik — — Xiii2 ... ik-i . )* which is ‘'sum of 
squares l)etween Zk - zones within Zk-i -zones” and its 
corresponding degrees of freedom and variance being 
fk and Vk respectively. 

Then, for r < k < <0 - i and 0 < 1 < w - k i 


(i) The variance of the sample grand-mean 
will be 


(0- I 

k 


< 7 <o * 


S ... iO’l 

- 1 »• ii is ik j 

(2) Mathematical expectation of Vkfk will be 

' ~ ‘ ff f ■" f ( "Ni,i, ... U.,)’ j . 

l.o I- ‘ ("Niii. ... Jk 


Further work on estimation based on maximum 
likelihood method is proceeding. 

The problem has previously l^een tackled •by 
Messrs S. N. Roy and K. Banerjee^ where they gave 
the results in case of etinal sampling within each fold, 
and by Mr W. O. Cochran® where he T>nblished the 
result in case of unetiual sampling in a 2-fold nesting. 

The problem tackled here concerns the case of 
unequal sampling within each fold. I had takjjn up 
the above study in connection with work on nested 
sampling under the direction of Prof. P. C.,Mahala- 
nobis in 1940 while I was working in Statistical 
I^aboratory. 

Mohonlal Ganguli 

Calcutta, 6-5-1941. 

' ScrivNCK AND COLTUKK, (?, 189 , 1940 - 41 . 

* Journ. Am, SI. Ass., 34, No. 206, 1939. 


Ssmthesis of Pyrene and Derivatives 

A NivW synthesis of pyrene which will be an 
useful supplement to the existing methods^ is 
described below. 

c Liethyl cyclohexanone-2-carboxylate-2-acetate 
(b. p. i68°-i 75% imm.) obtained from ethylcyclo- 
hcxanonc-2-carboxylate and ethyl chloroacelate is 
transformed by boiling alcoholic sodium ethoxide into 
ethyl 6-carbethoxy-cyclohcxanone- 2 -acetate (b. p. 
169^-70^/5 mm.), the mechanism being obviously 
alcoholysis and ring closure in a new position. A 
second acetic acid residue is then introduced in the 
usual manner to yield diethyl 6-carbethoxy cyclo- 
hexanone-2 : 6-d;acetate (b. p. 190^/4 mm.). This 
ester on hydrolysis yields cyclohexanone 2 ; 6-diacetic 
acid (m. p. 188® crystallised from a mixture of ethyl 
acetate and pefroleum ether). It is esterified and 
treated with phenyl magnesium bromide when diethyl 
T-piien}^ cyclohexanol-2 : 6-diacetate (b. p. 205^^5 ®/ 3 
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mm.) is obtained. The above ester on dehydration 
and dehydrogenation yields diethyl diphenyl- 2 : 6-di- 
acetate. Diphenyl-2 : 6-diacctic acid (in. p, 168°, 
crystallised from dilute alcohol) obtained on hydro- 
lysing the above ester yields a gummy product on 
ring closure. This on Zii. dust distillation yields 
pyrene, identified through its picrate. 

For the synthesis of methyl pyrenes the inter- 
mediates diethyl-4-Aiethylclohexan()ne-2 : 6-diacetate 
and diethyl 5-methylcyclohexanone-2 : 6-diacctate 
have been prepared in the following way: — 

Diethyl * 4-methylcj'clohcxanone-2-carboxylate-2- 
acetate (b. p. 165^/5 nun.) obtained from ethyl 
4-methylcyclohexanonc-2-carlx^xylate and ethyl 
chloroacetate is transformed by boiling alcoholic 
sodium ethoxide into ethyl 6-carbethoxy-4-melhyl- 
cyclohexanone-2-acetate (b. p. 180^/4 mm.). A 
second acetic acid residue is than introduced in the 
usual manner to yield diethyl 6-carbcthoxy-4-mcthyl- 
cyclohexanone-2 : 6-diacetate (b. p. 202 ° 1 6 nun.). 
This ester on hydrolysis yields 4-methylcyclohexa- 
none-2 : 6-diacelic acid (m. p. 184°, crystallised from 
a mixture of ethyl acetate petroleum). It is esteri- 
fied when the corresponding di-cster (b. p. 190°/ 10 
mm.) is obtained. 


Similarly diethyl 5-methylcyclohexanone-2-carb- 
oxylate (b. p. 165^/5 mm.) obtained from ethyl 
5-methylcyclohexanone-2-carboxylate and ethyl chlo- 
roacetate is transforme<i by boiling alcoholic solution 
of sodium ethoxide into ethyl 6-carbethoxy-5-methyl- 
cyclohexanone 2-acetate (b. p. 172^/6 mm.). A 
second acetate acid residue is then introduced to yield 
diethyl 6-carl>ethoxy-5-mcthylcyclohexanoue-2 : 6-di- 
acetate (b. p. i02°/4 mm.). This ester on hydrolysis 
yields 5-methylcyclohcxanonc-2- ; 6-diacetic acid. It 
is esterified when the re(iuircd di-ester (b. p. 190/9 
nun.) is obtained. 


Nripendra Nath Chatterjee 
Araalendu Bose 

Department of Chemistry, 

University College of Science 
Calcutta, 15-4-1941. 


‘ MonaUk, 34, 193 , 1913 . 
Ann. 402, 77 , 1914 . 
Bet. 5 , 3280 , 1922 . 
Ber, 61, 956 , 1928 . 




Supplement. 


Indian Science News Association 
Proceedings of The Fifth Annual Meeting 


The fifth Annupi General Mcetiiij^ of the Indian 
Science News Association was held at the University 
College of Science, Calcutta, on the 27th Augiisl 
last at 6 i\M. 

Dr. S. C. Law, President of the Association, 
was ill the Chair and Dr. S. S. Bhatnagar was the 
guest-of-honour. 

The proceedings of the last Annual (icneral 
Meeting were read and confirmed. 

On 'Mialf of the secretaries Professor vS. K. 
Mitra submitted the following report of the work- 
ing of the ‘Association and the audited statement of 
accounts for the year, ist July, to 30th June, 

u)40. 


report. 

The Council of the Indian Science News 
As.sociation have pleasure in submitting this, the 
fifth annual report and the statement of accounts 
for the period July i, to June .^o, 1040. 

Mkmrers 

The Association has at present only one categorx’ 
of memliers, viz., life-members and their total 
number in the list as corrected up to 30th June, 
1040, was 88. \\"e had to delete, with regret, 

names of 3 memliers as they had been in default in* 
spite of repeated reminders. Eight new life-members 
joined us during the year. 

vSeiENCE AM) Cui/rURK 

Our journal continued to maintain the high 
standard in scientific journalism which it had attained 
ill the few 'years of its existence. Well-known 
scientists and . experts contributed authoritative and 
instructive articles in the last voluifie. Amongst 
these mention may be made of Dr R. A. Millikan, 
Sir M. Visvesvaraya, Di' John B. Grants Lt.-Col. D.* 
H. Gordon, Col. R. N. Chopra. In our editorials 
^nd in the various articles published in the scctiom 


“vScience in Industry” we drew pointed attention of 
the public, to the necessity of approaching the econo- 
mic and industrial problems of our country in the 
proper scientific way. You will remember that for 
sometime past we have been urging upon the Govern- 
ment the necessity of establishing a department for 
initiating researches into industrial problems and of 
mobilising the scientific talents of the country. It is 
gratifying to note that our campaign has Ixirne some 
fruit and that under the stress of war the Government 
of India has formed a Board of vScieiitific and Indus- 
trial Research, whose director, Dr 8. vS. Bhatnagar 
is our gucst-of-honour today. We are sure the 
Board will in near future attain the same status 
and importance and i>lay the same role in the 
industrial regeneration of the country as the 
Department of Scientific and Industrial Research of 
Great Britain. We are glad to note in this connec- 
tion that many of the members of our editorial Iward 
and of ogr editorial collalx)rators are serving on the 
various committees of this newly formed Board. 

• The total fit! Ill of copies of vSciKNCE AND 
Cui/rijRK despatched in June, 1040, was 717 as com- 
pared with 602 in the same month in 1939. We 
had a steady increase in the number of subscribers 
during the period under review. The number on 
June 30, 1939 (including life-members) was 300 and 
that on the same date in 1940 was 572 showing an 
increase of 72. 

W'e continued to send the journal free to a 
number of distinguished persons and scientific writers 
in India and abroad s«) that the views ex|)re.s.sed by 
us might have wider publicity through them. We 
have alreadx' received appreciaVive letters from them, 
and may mention for instance the c/miments made 
by Sir John Marshall on our editorial on the Report 
of Sir Leonard Woolley on the work of the Archaeolo- 
gical Survey of India. 

Foreign and Indian journals like the New York 
Times, Armcliaii Science, Discovery, Statesman, 
Aryan Path, Indian Revieie, Modern Review, 
etc., quoted from our articles, and notes, and com- 
mented on our views on various subjects. 



Grants and Donation 
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During the period under review we had some 
changes in the printing arrangement of the journal. 
You are aware that in June, 1935, when the Associa- 
tion was started, we entered into an agreement for 
a period of two years with the Indian Press Ivtd., in 
regard to the printing and publishuig of vSciKNCK and 
Cultukk. It was a part of the agreement that they 
would be responsible for publishing the journal every 
month under the editorial direction of the Association. 
After the period of agreement was over the Indian 
Press chose to continue as i»rinters up to October 
1939, when, we were reluctantly compelled to sever 
our relations with them as they wanted a substantial 
increase in their rates. We would like to record here 
our appreciation of the services rendered by the 
Indian Press lytd., and would specially mention 
Mr H. K. Ghosh, the General Manager of the Press, 
for his coming to our assistance and undertaking 
the res[)onsibility of publishing the journal in its 
earlier days. Arrangements for printing the journal 
was then made with the Commercial Gazeltti Press in 
November, 1939. We are sorry to report that for 
various reasons we were unable to continue the 
arrangement and, from the first number of the present 
volume, the printing is being done at the Sri Gouranga 
Press. We wish to record here our sense of apprecia- 
tion of the helpful co-operation which this Press has 
e.xtended to us by agreeing to a substantial reduction 
in their usual rates. 


Kxchanoe Journai.s 

'riie total number of copies sent out every month 
in exchange and for review pu.r:''itw;j was 63 on June 
3 o» 1939- ^^'he numlier increased to 72 by December, 

1939. After that date, however, the number dropped 
to 53 due to war conditions and to a revision of the 
list. Amongst the journals received in exchange we 
have 11 Knglish, 15 American, 7 Indian and i Austra- 
lian journals. Wc receive proceedings of 15 learned 
societies and 3 Calcutta newspapers on exchange. 
I'here arc 20 scientific societies and public institu- 
tions in this country and abroad to which the journal 
was regularly sent on re(iuest. 

Unfortunately, wc have not yet been able to 
make the journals, r«ceivcd*in exchange, available 
to our membej-s and to the interested persons by 
displaying them in a reading room of the Associa- 
tion. We have however arranged to issue these 
journals on loan to the meinlx;rs from the office of 
SciKNCK AND CULTURE and an announceinciit to this 
effccl was published in the journal on several occa- 
sions last year. A few of the journals arc now kept 
on the table of the library of the physics department 
of Calcutta University*^ where students have an oppor- 
tunity of reading them. 
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Wc are glad to announce that the University of 
Calcutta, the Indian Association for the Cultivation 
of Science and the Bengal Chemical and Pharmaceu- 
tical Works renewed their annual grants. Dr S. C. 
Uaw and Sir Upendranath Brahmachari have made 
further substantial donations to encourage us in our 
work and I>r Bimala Churn Law, one of onr new 
patrons, has made the handsome donation of Rs. 1,000. 
We express our .sincerest thanks to them. The list 
of the grants and donations arc as follows : - 


University of Calcutta ... ... ... Rs. 500/- 

Bengal Chemical & Pharmaceutical Works, Ltd. Rs. 500/- 

Tndian Association for the Cultivation of Science Rs. 100/- 

Or. S. C. Law ... ... ... ... Rs. 1,500/- 


Sir Upendranath Hrahniachari 
Dr. Bimala Chnrn Law ... 
Mr. Prahlad Chandra Roy 


Rs. ^500/- 
Rs. 1*000/- 
Rs. 200/- 


To the authorities of Calcutta University vve 
arc further grateful for allowing us to use one of the 
rooms ill the buildings of the University College of 
Science. 


Appeal 

There is no need for us to dilate here upon the 
importance of the various subjects concerning national 
welfare which we have been discussing in our 
journal. We desire very iiiucli that the articles, the 
discussions, the news regarding the latest advjitices in 
science and their applications and the various other 
matters which appear in our journal should receive 
the widest possible publicity. You can render great 
help in regard to this if you take a little trouble to 
bring the journal to the notice of your acciiiaintanccs. 
You have probably received a leaflet containing an 
account of the principal contents of the la.st volume, 
together with a circular letter requesting you to 
recommend names of prospective subscribers. Your 
personal efforts in the matter, coupled with our own, 
will certainly bear fruit. In this connection we would 
mention the name of Mr S. Basu, Meteorologist at 
Delhi, who has secured for us a dozen subscril)ers 
for which the Association is grateful to him. 

You will appreciate that we are not yet in a 
position to create a reserve fund out of the fees oi 
the life-members and of the donations received. The 
financial help which we have been receiving for our 
good cause just enables us to meet the annual deficit. 
It should not be forgotten that this .source of income 
is very limited and hinders us in preparing our budget 
in advance. We would appeal to our meml3ers and 
to the friends who have kindly come here today to 
extend their sympathy and to help us in raising more 
funds. 
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There are now signs tlnit our countrymen have 
begun to realise the extreme importance of studying 
the effects of the imx>act of science on society. The 
contemporary world situation itself is a forceful 
reminder of the obligations of science to society and 


of society to science. At such times a journal like 
SciijNCij AND CUI.TURE is of the greatest value in dis- 
seminating knowledge and inculcating the critical as 
well as the constructive scientific spirit among our 
fellow countrymen. 


Rkckipts and Paymknts Account por thr year ended 30T11 June, 1940. 


RICCRIPTS 


R.S. i as. p. ! 


• 

To Opening balances oji 1-7-39 : 

(a) At Rongal Central Hank, 
Utd. in Current A/C as 
per Pfi‘;s Hook 

(b) At Hengal Central Hank, 
Utd. in Science Cul- 

• Inrc S. H. A/C as per 
Pass Hook 
(r) Cash at Oflicc 


7i5| 7 11 ; 

i I 

4.SI ' 8 10' 
94,9 9, 


,, Donation 
,, (iraiil 

,, Life-Meinbersliip Pee 
,, Subscription 
,, Advertisement 
,, Reprivit 
,, Bank Interest 
,, Miscellaneous 


i 


1,261 10 6 

a, 200 , 0 0 

l.lou : 0 0 

1.009 0 0 

2.592 I 9 9 

2,575 i 12 I 9 
321 18. 0 

23 11 ; 11 
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I I’lave. audited the above Receipts ami Puynients .\ecount c»f INDIAN SCIP^NCIC NP.WS ASSOCIATION for the 
year ended 30th June, 1940, with the books aiul vouchers and have obtained all the information and ex])lanations I have 
iC(iuired. Subject to iny separate re]»ort (jiriiited below) of even date 1 ijgjtjCy that the said account is correctly staled 
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Si’irctary. Registered Accountant. 

Sd/- P. C. Mittkk. 
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Auditor's Note • 

"With reference to the qualifying clause in the 
Receijits and Payments Account of the Indian Science News 
.Association for the year ended 30th June, 1940, T am to 
observe as under ; 

Life-Membership Fee : It is de.sirable that the amounts 
received on account of life-membersliip fee ho car-marked 
and specially invested. 

General : Of Rs. 2,242-10-3 disbursed under Paper 
Account, 1 am informed by the TTony. Secretary that Paper 
worth Rs. 660-12-0 was in stock as oil 30th June last. 
The outstanding bills payable to Creditor? as also the; 
umonnts receivable in respect of Advertisement, Subscrip- 
tion and Life-Membership Fee should be properly ascc^ 


r. 


taiiicd at the end of the financial year. An inventory of 
I’urniture purchased up to 30-6-40 should be made at an 
early date.” 

Ill presenting the statement of accounts together 
with the auditor’s note, Professor Milra observed 
that they had clearetl last year dues to the Indian 
Press of about Ks. 2,000/- on account of printing 
costs outstanding during the past two years. He 
assured the members that from next year accounts 
will be kept up showing the amounts receivable and 
payable at the end of the year and also an inventory 
of furniture, which have Ijcen purcha.sed very 
recently. Regarding the creation of a reserve fund, 
he regretted that the present* financial position did 
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not allow such a fund but as soon as the conditions trial problems. He was certain that finance would 
improve the Council will be too glad to provide for' not be lacking. The capitalists, who, as Dr Bhat- 
a reserve fund. nagar hinted, speculated so much in the stock 


OFFrca-BEARKRS 

After the adoption of tht annual report and the 
statement of accounts, the following office-bearers of 
the Association and members of the Council for the 
year 1Q40-41 were elected : — 

l^resident: Dr S. C. Law; i’icc-Presidenls : Sir 
Upendranath Brahmachari, Dr Baini Prashad, Prof. 
M. X. vSalia, Dr B. C. Law, Dr S. P. Mookerjee and 
Prof. P. N. Ghosh ; Treasurer : Prof. P. C. Mitter ; 
Secretaries : Prof. S. K. Mitra and Prof. B. C. Cuba ; 
Members : Prof. S. P. Agharkar, Di* S. S. Bhatnagar, 
Mr. H. P. Bhaumik, Prof. D. M. Bose, Mr Rajsekhar 
Bose, Lt.-Col. A. C. Chatterjee, Col. R. N. Chopra, 
Mr A. T. Ganguly, Prof. J. C. Ghosh, Dr M. Qudrati- 
Khuda, Dr D. S. Kothari, Mr. B. N. Maitra, Dr S. 
C. Mitra, Prof. H. K. Mookerjee, Prof. J. X. 
Mukherjee, Prof. B. B. Ray, Mr X. C. Kay, Prof. P. 
Ray and Prof. N. R. Sen. 

The editorial Ijoard for the journal, Sctrnck a.nd 
Cui.turr was constituted with Prof. M. N. vSaha, 
Prof. J. C. Ghosh, Dr A. C. Ukil and the two 
.Secretaries of the Association, Professors S. K. Mitra 
and B. C. Guha. 

Dr S. C. Law next welcomed the guests. His 
speech is published on p. 197 of this issue. Dr S. S. 
Bhatnagar next addressed the gathering. His address 
a[)pcars on p. 194 of this issue. 

Mr A. L. Ojha in propoi^jig a vote of thanks to 
Dr vS. S. Bhatnagar observed that the recent establish- 
ment of the B. S. I. R. with Dr Bhatnagar as the 
director augured a bright future for the industrial 
enterprises in the countr> . So long there was very 
little co-oi)eration between science and industry in 
this country and the capitalists and the indu.strialists 
of the country had lK*en condemned for this but a 
share of this blame should be borne by the scientists 
too, who are only now interesting them.selves in indus- 


exchanges, require to be convinced of the poten- 
tialities of the various industrial ventures. He 
hoped that the basic researches for rehabilitation 
of some of the present industries and for starting 
news ones would be carried on under the aegics of the 
B. S. I. R., and science would be closely associated 
with the industries for ushering in a new economic 
era in the country. 

) 

Dr John B. Grant in proposing a vote of thanks 
to Dr S. C. Law said that on his coming over here 
from China he felt for sometime the absence of an 
academic atmosphere in Calcutta. But his connection 
with the Indian Science News Association has partly 
made up that deficiency. Its monthly jodrnal, 
SciENCK ANI> Culture, has been doing a good 
service in creating the much-needed scientific vision. 
People here are slow to realise that science in one 
form or other has entered into every element of our 
social structure. It can no longer be considered as 
separate and distinct from other forms of human 
activity. Science and Culture is likely to l)e a 
standard scientific journal like the Nature of Kngland 
and the Science of U S. A. It is in the fitness of 
things that Dr Law has contributed a great deal U) 
the success of the Association. He has heard 
Several times about Dr vS. C. Law’s varied interests 
and munificence towards similar worthy causes. He 
combines wisdom with wealth and a broad putlook 
with his philanthropy. 

Mr G. L. Mehta associating himself with Mr 
Ojha and Dr Grant complimented the scientists, who 
have organised the Indian Science News Assr)ci.'ition, 
for having put energy into Dr Law, whom we find 
here today. Due to shyness he generally keeps away 
from public platforms. Dr Law’s interests in 
matters, industrial, economic and .scientific arc reall\’ 
very encouraging. He has been doubly blessed hy 
the goddess of wealth and the goddess of learning. 
•^Tl:e Law family of Calcutta stands out as a rare 
example in this direction. 
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Sir 


Ardeshir Dalai’s General Presidential Address 
at the Ind ian Science Congress, Benares 


I FKKi, lliJtl lilt* itiLS ('f tile Indian Science 

Con.yress Assoi'iation have iiuidj a wrv hold depar- 
Uiro in eleclini^ a layman P) the hoiionr tjf the presi- 
dciitshiji for the year and, deeply conscious as I am 
of the honour, I confess to a feelin.y of dinitleiicc in 
occui)yin.i; a post which has heeii adorned hy so many 
distiiij'uished scientists before me. If my address 
falls slu)rt of the slamlard set by my predecessors, 
the resjKinsibility ot it should in part be l>onie by 
those who have elected me. The only reason for 
their clioice, as far as I can see, lies in the fact that 
I may lay some claims to be an industrialist. 


\'.VI.n>: OP RhSI'AKCII in iNDtlSTRV 

vSo close and intimate is the relationsbip between 
science and industry and S(.) strongly is that fact 
being brought home to ns in lhe.se days that the Asso- 
ciation felt i)erhai>s that they would lihe to have the 
views of an induslriali.st on tlie relationsliij> of .science 
to iiitlu.slry with particular reference to the laactical 
proldcms whieh have arisen in India since the I)egin- 
niiig of the war. A substantial part of the export 
trade of India has been lust since the war. Science 
can help in the utilisation within the country itself 
of some of the raw materials which used to be ex- 
ported. Researches are being conducted b>r instance 
on tile use in India for lubrication purposes of some 
of the oil seeds of which the ex|)ort has dwiiidle^l 
dow'ii and the suriilus of which is likely to create 
serious economic trouldc for the cultivator. Kveii a 
more acute i)roblem is the sloi)pagc of the inii>oit of 
many commodities essential for the economic life of 
the country, such as machinery, chemicals, etc. It is 
imperative that India should make herself*^self- 
suflicieiit with regard to such materials as are vital 
to the mainfcnancc of her economic and industrial life 
so that the situation which had arisen during the last 
war and which has arisen once again may never recur. 
It is here that science can be of the greatest assistance 
to industry. Research has been dej^ribed as ttfe 
mother of industry and while some of the older and 
/more traditional industries may have origiiiatld 
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witliont tlk- aid nf sciL-nce, it cannot be denied that all 
industries In-day depend u]K)n science and researcli 
not »mlv for their progress and imiirovenient but 
al.so for llieii survival. Sa»l e.xpeiieiii'e has proveil to 
ns be>()nd all tloiibl that, under modern conditions, 
no nation, however iieacefiilly inclined, can expect 
even to live an independent existence unless it is 
highly >ndiislriali/cd. It is the iiidii.strial potential 
that is conwiiible into the war potential and the 
country that has the highest industrial potential and 
is prepared to convert it in the shortest lime into war 
potential that stands the best eliancc in modern war- 
fare. As we have seen, it is not man power that 
counts in tlu* highly mechanized warfare of the 
i>res(.*iii day, but planes, tanks, guns, ships and tlie 
factories, plants and work.sliops behind them. The 
lesson for Imlia is jdain and she can only neglect it 
at her peril. It is no longer the (lucstion of a 
balance4 econoiiiv or of mere material progress. It is 
necessiiry for India’s vyry existence that she should 
be highlv 

’I'his le.sson was first taught during the last world 
war. Owing to its superior scientific organization 
and ctiuipincnt Ocrnifiny was able to withstand the 
Allies mncli longer than ^she could otherwise have 
done. At the beginning of that war, Kiigland found 
that she was deficient in many forms of optical 
glasses, dyestuffs, chemicals and other necessities for 
the conduct of modern warfare. She set herself in 
remedy these drawbacks. A very important dye 
industry was created and the whole of the scientific 
aiul resc'arch talent of the country was organized 
by the creatifiii of the DejpArtnienl of Scientific 
and Industrial Research. is not necessary 

for me tf) enter into the details of #the organization 
and working of the D.S.I.R. witlv which many of 
you inii.sl be familiar. An interesting feature of the 
organization, liowever, to which the attention of the 
authorities in India needs to be drawn is that the 
adniinislrative organization of the D.S.I.R. is entirely 
comiM)sed of technical men, while the Advisory 
Council, which guides and controls its activities, is 
mainly composed of distinguished scientists with the 
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addition of two or three well-known industrialists and 
Inisincss men. The words of Lord Rutherford to the 
Twenty-fifth Indian Seieiicc Coiii^ress, though fre- 
c|Uently ciuoted since then, will hear repetition as they 
have an important bearini^ tin the policy of the 
Government of India towards the recently created 
Hoard of .Scientific and Inthistrial Research. He 
said : 

‘III (Jreat Hrilaiti, th«^ rcsixuisiljility for the 

prograinim‘.s of research, even when the cost is borne directly 
by the ('fOvc-rnnient, nsts with research councils or com- 
mittees who are not Ihetiiselves .State, senants hut distin- 
guishecl representatives ol puu* science and industry. It is 
to be hoped that if any eoniparahlc orjjani/ntion is dcvelopt d 
in India, there will he a proper rcpreseiilalion of Jicienlific 
men fiuin the universities and eorrespondini; instiliitimis aiul 
also of the industries directly concerned. It is of the hij^hcsl 
importance that the detailed fdaniiing of research should 
be left entirely in the hands of those wlio have the re<iuisi1e 
specialized knowledj^t' of tlu- ptohleins which reijiiire 
attack. Ill the Hritish organizations there, is no ptilitical 
atiuo.sphcrc, but of course the responsibility for ollocnling 
the necessary funds iiltiiiialeiy rests with the Governinent.’ 

There lias been a tendency in the past in India for 
scientific and research work to be monopolized by 
Government Departments and although valuable 
results have been obtainetl, by the Survey of 

India, the (rcological .Survey, the Botanical Survey 
and in the investigation of tropical diseases, it is very 
necessary that organized industrial research should as 
far as possible he left to .scientists and industrialists 
although of course (hiverimient has to see that the 
grants it makes are i)roperly utilized. 

H()ARI) OI- SCIKNTIPIC AND I.nOu.sTKI A l. RlC.SKAKCII 

Industrial research was organized on a couiilrv- 
wide basis in America as well as in several couiilries 
of the Hrilish Kinjiire following the lessons of the 
last war. In India also the war revealed the help- 
lessness of the coiinlry. The transport service was 
disorganized owing to lack of railway material ; 
supplies of dyes, important chemicals and many 
important inodicines were almost completely stopped 
and prices of textiles shot up so high as to be beyond 
the means of poor people. In 1QT5 the Goveriimeiil 
of India addres,sed the Secretary of State as follows : 

‘After the war India will consider herself entitled to 
demand the utinof^it Iielp which the Government can afford 
to enable her to takv*. a place, so far as circumstances permit, 
as a inanufacturiiig -country.' * 

This policy was accepted by the Secretary of State 
and the Indian Industrial Commission, under the 
Chairmanship of Sir Thomas Holland, was set up as 
a result. Unfortunately, however, the impetus to 
industrialization provided by tiie war died down after 


a few years and many of the industries which were 
started during the war langui.shed and died. The 
gathering storm clouds of a new world war drew the • 
attention of Indian scientists to the unorganized state 
of scientific and industrial research in India and re- 
peated appeals were made for the constitution of«a 
ixxly on the nuMlel of the D.S.I.R. The urgent need 
for the ai.>t)ointment of such a J)ody was voiced l)y 
Profe.ssor J. C. Gho.sh in his presidential address to 
the As.sr'cialioii at Lahore in 1930 and was reiterated 
in a resell u lion of this Inxly la.st year at Madras. 
The same point was made by Colonel 'Chot)ra in his 
presidential address to the National Institute of 
.Sciences in Madras last vear and by Sir M. 
Vh'svesvaraya in an address to the Indian Institute 
of .Science, Bangalore. W'c, therefore, cordially 
welcome the recent apiiointment of the Board of 
Scieiiliflc and Industrial Research by the Govern- 
meiU c)f India in response to the demand of scientists 
throughout the country. Our thanks are due to 
the present Commerce Member, Sir Ramaswaini 
Mudaliar, who lost very little time in appreciating 
the urgency of the constitution of such a body under 
the conditions created by the war. 

I am a nieiulxM' of the Board .ami kceiilv 
interested in its success. Any observations which I 
may make upon it are made in a ]»urely constructive 
spirit with the object of cnbancing its utility to the 
country. In the first, place then, I may be per- 
iiiiltcd to say that although the beginning of Ilk- 
Board, like most liegiiiuiiigs, may l.)c small, its con- 
ception must be large and liberal. It must not, in 
its composition or working, bear the iippearaiice of a 
mere ad hoc body created to meet the immediate 
exigencies of the war. The demands of the war are 
no doubt urgent and must have prioiity over other 
demands, but the Board .should function as a body 
charged with the organization and promotion of 
industrial research throughout the country, and 
co-ordinate the immediate needs of the war with the 
long range policy of the industrial development of 
the country as a whole. While concentrating 011 
Vvhai is immediately required to meet war needs, it 
must also he in a position to survey the long term 
industrial rc-iiuircments of the country and to plan a 
programme of research to meet them. Perhaps after 
the urgent demands of the war are over, its com- 
position can be enlarged and made more rcprcseiita- 
tiv'e of the universitie.s. Government scientifu' 
services, the iion-ofliicial scientific lx)dics- and the in- 
dustrialists of India so as to enable it to pursue its 
ultimate plan rnd policy. 

No institution, however well conceived and 
d.^sigiicd, can flourish except in suitable political 
at iiosphere and conditions. It was the unfortunate 
e"*pcrience of the last war that industries created 
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under the stress of the war languished and died in 
the i)ost-\var period for want of cncouragcmeiit and j 
protection from ( roveniiiuMit. The activities of t>re 
lioard will not lead to the creation of new industries 
unless industrialists are assure<l of reasonahle pro- 
tection from (h>vernnient in the post-war period, 
wlien foreign coinivtition will be keen. 

I have already (piotcd the words of Lord 
Kulherford as a warning agaifisl excessive (lovern- 
nieiit control. The progress hitherto made by the 
Hoard is not»as rapid as we would have wished in 
war time. 'Hiis is partly due to the conslitulion of 
the Hoard under which executive authority is con- 
centrated in a central dciiartnieut of riovernmeut and 
partly to the inade(|uate staff provided for the verv 
urgent ami im])ortant work that has to be done. 
TheVe is one other asi)ect on which I desire to touch 
and that is the financial. I'Aeii for a beginning, a 
grant of Rupees five, lakhs is inadequate and shows 
to my mind an inade(|uate conception of the 
magnitude of the tasks involved. Associated with 
the Department of Scientific and Industrial Research 
in (Vi^at Hriiain are the great National Physical 
Laboraiory at Tcddingtoii and imi)ortant Hoards, 
such as tlrs* Fuel Research Hoard, the Food In- 
vestigation Hoard, the Poorest Products and Hiiilding 
Re.search Institutes and a number of similar bodies 
as well as Research Associations. While we must 
necessarily make a very modest beginning , the 
development of the Alipore 'I'est House into a 
Natioijal Physical and Chemical baboralory si-i'ins to 
be obviously ami urgently required. Tii a subsequent 
]>art of this address I shall dwell upon the necessities 
of a Fuel Kesearcli Hoard to investigate the ver\' 
pressing problems of fuel and jiower, upon which 
the whole industrial structure of the country lias to 
be based. All this work will retpure large funds but 
I have not the slightest doubt that the money so 
spent will be rel)aid manifold. It has l)een estimated 
that the animal exiieiulitiire on research in Oreai 
Hrilaiii in normal limes Iiefore the war was rougidv 
six million pounds, of which one-half was .spent on 
research directed to industrial needs, im'ludiug the 
money spent by Ooverimieiit, university (Icparlnieiils 
and private firms. The figure fur the H.S.A. is 
estimated to be .y)o iiiilliou dollars, while llie corres- 
ponding jigure of llie U.S.S.R. is reported to lx* oj 
tile nature of 120 liillioii roubles. With the (?^'ef)' 
tion of the IJ.S.A. and the U.S.S. R., there i/ 110 
country in the world with nalural resources so vast 
and varied as India. W^ilh the expenditure of even 
a fraction of the amount spent by the countries just 
mentioned on indu.strial research, these resources can 
lx* iiivestigate<l and developed so as V) place Irn^i 
ill the front rank of the indu.strial countries of tie 
- world. . \ 


Tim: Stkki. Inuustry in Ixdix 

I propose now in the second part of my address 
to .speak to you 011 some develoiiiiiciits in the steel 
industry in India during the last ten years; but Ix'fore 
doing so I should like to make a few remarks on the 
law materials which ,are commonly used in the 
maiiafacliire of iron, namely, iron ore, coal and 
lime.stonc, and particularly coal, which is the most 
important of our raw materials ami of the most 
general iiitere.st. 


Ikon Ork 

So far as iron ore is concerned, India is one of 
the richest countries in the world, being endowed 
by naliiie with very extensive dejmsits of very rich 
lire. The Singlibbnm-Orissa Held is Hie most ex- 
tensive ill India. 'I'lie tonnage of Ibis field lias Ix'cn 
estimated by Mr II. C. Julies of the ( Geological 
Survey, •at ;i,ooo millions, and, if anything, it is 
lirobably an nmleri*sliniale. Practically the whole of 
this ore is hematite, with an iron cfmleiil of sixty to 
sixty-nine per cent. 


COAI. 

WHiile the position regarding iron ore is highly 
satisfactory, that regarding i)arlicnlarly the 

coal leipiiretl for the smelling of the iron ore, is far 
from saJ;isfactory. Dr Fox has estimated the re- 
.'-'•ujces of Indian coal oxer four feet in thickness up 
to 2,oou fi^jii depth and twenty per cent, in a.sh at 
million Tons; which coal of good (luality 
up to iIS per cent, a.sh is 6,000 million tons, while 
coking coal suitable for metallurgical purposes is only 
i,.|oo million tons. Coking coal in India is confined 
to the ('lomlwana coal be^ls of the DaiiUKlar Hnsiii. 
On the existing methods of working co.il the total life 
of the coking coals of India is estimated at alx>nt 
fifty years. 'I'liis is a i>ositi(>n xvhich neither the 
Ooveiiimenl nor those inlere.sted in the metallurgical 
industry can view with equanimity. The ino.st recent 
Cominiltee appointed by the ('luvernnieiit of India to 
investigate llie position and suggest remedies was 
tlie Hnrrows Committee of The terms of 

reference to that Committee were iinfortniiatcly not 
comprelien.sixv enough and the legislative measures 
taken bx' (iowrnnieiit as a result of/the recomiiieiida- 
lioiis of tile Cominiltee are inaintS" confined to the 
ensuring of safety in Mines. The problem of Indian 
coking coals is, however, one of couserx^atioii as welb' 
as of safely and if proi)er attention is paid to con- 
servation, the problem of safety will more or le.ss 
autonialically lx* .solved. J,c^islatioii in the interest 
of .safely which traces additional burdens on the 
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iiuluslry without assisting it to dij^wjsc of its pro- 
(liK'tioii ill a iiioiT sciciUific manner, is likely to 
worscMi llie situation hy hastening, the nneeoiioniic 
exploitation of the yood coals hy the smaller colliery 
owners. Wfiat is retpiired is the rationali/ation of 
pnxlnetion as well as of eoiisniiiption. In order 
to achieve the rationali/atirfli of cxnisnmption, a 
thoroiii'h clieniical and i)hysieal survey of the coal- 
fields beginning with the Jheria coalfield, in con- 
junction with a scheme of coal utilization research is 
absolutely iiece.ssiir \’ . I'or that purpose it is necessary 
to create a iMiel Research lioard as a branch of the 
Hoard of vScieiitilic and Industrial Research with a 
proper personnel, adecpiate staff and funds. 


Furl Rrskarch Board 

Power is a sine tjua non of the development t>t 
all industries and the proper c'iJiiservation and utili- 
zation of the coal resources of the country is«the first 
(luestion that re<iuircs to he tackled in any considera- 
tion of the power resources of the country. The 
geological stirvey of the various coalfields has l>een 
excellently and exhaustively carried out at great 
expense to (.iovernmeiit and it is high time that a 
scientific, chemical and i)hysical survey were also 
carried out. Such a survey has been instituted in 
(ii'eat Britain and has lesulted in a mass of most 
vahialile information regarding Hriti.sh coals which 
has in many instances completely altered the 
attitude (d' the industry to many varieties of, coal and 
eiiabletl i\ more eftlcieiit use to be made of them. 

On the prodiictiim side — ‘TTHTTi impoiianl 

))robleiii is that of the co-ordinated se(|uence ol 
workin.g the coal seams. Perhaps tlw worst feature 
of the working of Indian t^jllicvies is the exploitali(»n 
of tile richer coal from the lower ^eaiiis for immediate 
profit and the neglect of the upi>er seams resulting in 
subsidences, fires and deslnicti(jn of \’aluable coals. 
The co-ordinated .sequence of working will prevent 
this de.struction of top seams and will eliminate to a 
large extent the necessity of stowing altogether. 
No. lO seam in the Jheria coalfield is a case in point. 
This coal has good coking jiroperties but liecause of 
its high a.sh content ^ul doubtful swelling tendencies 
it has been comparatively unexploited, either as a 
.steam or coking coal. 

The wasliiAg of coals is another question 
affecting production. In many cases the ash in the 
Jheria coals is inherent or when present in a free 
''pndition is of al>out the same specific gravity as the 
coal itself, thus making the separation impossible or 
difficult, but it has been proved that in certain of our 
liigh ash seams the ash content can I)e reduced by 
liquid flotation, ii and i6 seams Jheria come into 


this category and further research is necessary to 
ydetermine whether it is economically fea.sihle to wash 
fiVjse coals w ith a view to reduce their ash content. 

On the consumiitioii side, the chemical and 
jdiysical survey into our coal seams in conjunction 
with coal iitiliziition research will in the first pld^e 
enable us to determine the range and variety of coals 
suitable for coking as well as boiler purposes. 
Research is necessary in order to ascertain whether 
with proi>er hlciiding and mixing the demands of 
the metallurgical industry need lie confined to the 
very limited Jheria field. Several experiments have 
been carried out in the past, hiri further systematic 
le.scarch hy the Board suggested above into blending 
with higli ash coking cxials, with swelling coking 
coals and with non-coking coals may result in the 
coiiservalion of good coals and an extension of. the 
range of coals available for metallurgical puri>oses. 

Similar lesearch is also reciuircd in the ca.se (jf 
power coals. A certain amount of information is 
already available but is mainly confined to the 
mixing of the high volatile coal in the Raiieegungc 

field with the low' volatile coal in the JherA* field 

for the exi)ort market and hunkering only. Thesi.' 
low volatile coals from the Jheria arc gdix? metallur- 
gical coals and research will doubtless jiroduce 
suitable blends for export .and ])ow'er re(iuiremeiits 
U’ithont encroachment on these valuable low volatile 
('oking coals. 

Tile utilization of high a.sh (*oals for electrical 

generation at the sonn'es of ]n*o(hiction and the 

(lislribulion f)f the energy thus su])plied over large 
areas is another problem r)f the first magnitude. 
The erection of a large jiower statiriii on the coal- 
fields for tile (listrihiition of cheap ]n)wcr to sur- 
roniidiiig areas has already bei-ii adxocated from 
many sources and has eiigagetl the attention of the 
( rovei niiieiit of Bihar. Further investigation of the 
suitability of the coal for such a purpose will help 
greatly towards the fulfilment of this very desirable 
project and should form one of the first objects of 
eiKpiiry h>’ tlic i>roposed Board. 

I<ow temperature carbonization tests with various 
clas.ses of coal, ])arlicnlarly of high a.sh, which are 
iiiisuilable for metallurgical purixises and also un- 
suit .ii'dc oil account of high avsh content for transport 
to distant areas fvr power fnirposes, should provide 
anotPer field for the activities of the* Board. A 
iiumhcr of scientists from the platform of this 
Congress as well as outside have .advocated the cheap 
production of domestic coke on a mass scale and the 
^itilization of the resultant tar for industrial purpose's. 
Iihe pre.seiit very .small production of soft coke is 
Cppable of very great extension if a market can bc4 
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found for the coke as well as the resultant tar even 
if the gases are ignored for the present. The 
vconoinic difficulties in the way of such a pn>posal 
need not be inininiized but practical experiments^ 
have already Iwen carried out at Patna under the 
ausi)i|pes of the Bihar Government and these w^mld 
seem to indicate that further research may prove 
successful. Should this prove to be the case, there 
would be an adequate 5 upi)ly of raw material for the 
foundation of hydrogenation plants. This may be 
regarded as a distant aim as such plants have not 
proved too succsessful in other countries, but with 
the cheap Indian coals and the large (luantities of 
tars which would be available fn^m their low 
tenii>erature carbonization success may be easier of 
attainment in India than in other countries. 

Tlw Board should also investigate the ipiestion 
of the scientific preparation of coal for the market 
and buying and selling on specification. This would 
mean the complete abandoiniient of the existing un- 
scientific system of grading. The seams which were 
originally graded, have become exhausted or are 
nearing exhaustion or have deteriorated to such an 
extent tTfSt classification is in many cases no longer 
applicable. The disposal of the metalliferous pro- 
duction of the country has long been established on 
the international basis of scientific specification and 
it wouUl be e<iuilable to both buyer and seller alike 
to establish the buying and selling of coal and coke 
on a .similar basis. 

If my i^roposal for the establishment of a Fuel 
Research Board is ai)proved, I would suggest that as 
the Jheriii coalfield is practically the sole source of our 
coking coal and is alsc:» the centre of the Indian School 
of Mines, the headquarters of the Board should 1 k^ 
situated at Dhanbad and the vScliool of Mines and its 
laboratories which should be adequately equii)ped for 
the i)urpose, should be niilized for the investigations 
of the Board. 


Pr<X;RI^SS in THK IvAST Dkcadk 

The last decade has seen a great expansion of 
the steel industry in India, accomjianied by im- 
provement in the various proccs.ses and the apfdica- 
tion of .scientific methods of control. You will 
forgive me if I confine my remarks to the workssjf 
the Tata Iron and Steel Company alone, as the stee 
making plant at Bhadravati in the Mysore Stale wis 
put up in and has an annual caiiacity of al^nit 
20,000 tons only, while the plant of the Steel 
Corporation of Bengal with an estimated capacity of 
two hundred to two hundred and fifty thou.sand 
tons of finished steel, has Ixigun operatiem very 
recently. In terms of tonnage, the progress can be 


measured by the fi bt that while the Tata Iron and 
Stjtel C»)inpany producctl 422,000 Ions of fini.shed 
^eel in ig2()-;^o, the coiTesptinding j)roducliou in 
1939-40 was 777,000 tons. 'I'en years ago only thirty 
l>er cent, of the demand of the country for* .steel was 
met by the indigenous industry, whereas in 1939-40 
about eighty-four pef* cent, of the demand was so 
met and the day is not distant when India will be 
able to supply not only the whole demand of the 
country except in a few very specialized directions 
but also to spare .some steel for ex|Knt. 

COKK OVUNS 

Following the sequence of the manufacturing 
pnxvsses of steel, I begin with the coke ovens, 
where the coal is coiu'erted into coke. 'I'eii years 
ago we had three batteries of Wilpntte Coke Ovens 
and two batteries of the still older Koppers Coke 
Ovens winch together produced 720,000 Ions of ct^ke, 
22,3(X) tons of tar and h,f>oo tons of ammonium sul- 
phate. By 1940 all except one of the W’ilputle 
batteries were replaced by ihiec modern batteries of 
Sinion-Carves Coke Ovens containing 54 10,55 ovens 
in each battery at a cost of Rupees one crorc and 
sixty-five lakhs. These batteries arc of the twinfliie 
‘Underjet* tyi)e capable of carbonizing i,3tx) to i,5c^) 
tons of coal each per working day. Arrangeineiits 
have been provided for firing the ovens with coke 
oven gas or with the cheaper blast furnace cleaned 
gas. Firing the coke ovens with blast furnace gas 
releases the more valuable coke oveti gas for use in 
steel makiilg furnaces in other parts of the plant, 
'file twinflne construction assures a more uniform 
heatipg throi?Rh<?»fe»^^a4^1cngth and height of the 
oven with a resulting miiformity of the coke pro- 
duced. As stated in the preceding jiart of the ad- 
dre.ss, all coals do not give good coke anil careful 
investigations have to 1 k‘ carried out in the blending 
and mixing of different varfetics *)f coal. To this 
end three large slot bunkers of the cajiacity of 2,orK) 
tons each have been installed. Coal wagons, as they 
arrive from tliu collieries, are taken over to the 
•selected bunkers and unloaded. The coal is then 
mixed mechanically in the re(|uired proi)ortioiis from 
the three liunkers and .suitable mixed coal is con- 
veyed by mechanical conveyors to the ovens into 
which it is charged. 

The tliree principal by-jinjilncts J)f the coke 
ovens are coke oven gas, ammonia u^ich is turned 
into ammonium sulphate and tar. ^Tlie sulphuric 
acid for the manufacture of the ammonium snli)hate 
is made in a recently installed contact jirocess plant 
producing fifty tons of iik)% acid per <lay. 

So far the manufacture of benzol as a by-product 
of tile coke ovens has only been •attempted on a very 
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sin.'ill st'ale in India. .\ plant iJ now ncarinj^ coni- 
pktion at Jainslicdpur for tlic nianufacliirc of benApl 
and toluolu for the Ooverninent of India. When iK 
comes into «)i)eration, it will lx; of great assistance 
in the niRtinfactiii'e of high explosives for the ord- 
nance factories. The j»lant is designed for extracting 
hen/.f)l motor spirit and tolyolo and is being installed 
by Messrs. Sinion-Carves. 

Ih.Asr Kijrn\cks 

The next stage in the manufacturing i)roccss is 
the blast furnace for the in-o<luction of pig iron. Ten 
\ears ago, Jamshedpur had four blast furnaces ; two 
of the capaeity of goo tons, one of 750 tons and one 
of 250 tons per day. The small blast furnace was 
I'ompletely rebuilt in ig.U> and its capacity was in- 
creased to 550 tons. An entirely modern blast fur- 
nace was installetl last year. The diameter of its 
hearth is .jj feet b inches, of the bosh 126 feet 6 inches 
and of the top 19 feet. Its height is 95 feet and 
v<ilume .ys.rbo cubic feet. For the one year that 
this furnace has been in o[)cratioii it is estimated to 
have prodiK'ed more iron than has ever been produced 
elsewhere on a furnace of similar si/(? over a similar 
jieriod. The total pig iron capacity of the Jamshed- 
pur plant is a million and a quarter tons per annum. 

h'or every ton of iron made, a blast furnace pro- 
duces roughly 100,000 cubic feet of gas. I'his blast 
furnace gas contains al>out 11 grains of dust per 
cubic ff)ot of gas at N.T.P. This gas has considerable 
fuel value, but owing to its dirty condition its use 
ill industrial plants, such as blast furnace stoves and 
l)oilers is restricted. It has,b»»o .'.fful/.ed that con- 
siilerable fuel economy caiiOx- effected if this gas is 
cleaned. In the last ten years the vStcel Company has 
installed two large gas cleaning iilauts, each with a 
capacity of fourteen million cubic feet of blast fur- 
nace gas at X.T.P. jiei-* hour. Hoth the idaiils clean 
the gas to a purity of 0 008 grains of solids per cubic 
foot of gas at N.T.P. The older of these two plants 
is the bodge Cottrell plant of the dry type which 
came into operation in 19.U. "I'he second gas cleaning* 
plant is of the Hrassert design. This plant consists 
of wooden-hurdle wet washers which not only cotd 
the dirty blast fUriiace gas but also remove about 
eighty per cent, of the solids from the gas. This 
seini-cleaiied gas is then [lasscd through the Cottrell 
wet electric trecipitators which precipitate the rest 
of the solids \k 1 deliver clean gas to specification. 

Fuki, ICctWOMY 

The old concepts of fuel economy and energy^ 
distrilmtion have been completely revolutionized by 
the iiKxlern scientific use of coke oven and blast 


furnace gases. Fuel economy and distribution of 
energy in a large plant like that of the Tala Iron and 
Steel Company is a highly specialized job, which ijj 
\u charge of a special department of the plant, desig- 
nated the bjiergy and Kconomy IX‘partment. TIk 
efforts of this de])artiiient have succeeded in reducing 
the overall fuel rale from .V.Sb tons of coal ])cr ton 
of steel in ig.^0-31 to 21Q tons in 1939-40. Modem 
practice aims at reducing the ‘use of coal as fuel and 
iei)lacing it by the more efficient by-i>roduct fuels, 
such as coke oven gas, blast furnace gas, coke dust, 
etc. The use of mixed gases in, this connection 
rc(iuires special mention. 

I 

The cleaning of the blast furnace gas pcrnlit^ 
of its use in coke civeiis and releases a corresponding 
amount of the richer coke oven gas for use elsewhere 
at the i»laiit. Blast furnace gas has a comparatively 
hjw healing value of about no B. T. U. per 
cubic foot of gas, while coke oven gas has a 
value of alK)nt 470 B. T. U. per cubic foot. Modern 
practice lends to a greater use of coke oven gas 
or a mixture of coke oven and cleaned blast 
furnace gas in steel making and re-heating furnaces, 
replacing to that extent coal which lias ^/cen used 
so far in the form of producer gas. Fuel costs aia 
thus greatly reduced. For the sncccSsfal use c)f tlu- 
gases it is necessary to have steady pressure of gas 
at the consuming ends, h'or that purpose two largt- 
tlry gas holders for the storage of blast furnace and 
coke oven gas resi)e('tively have recently been ins- 
talled. J'hese gas holders act as reservoirs which 
smooth out the fluctuations of the gas caused by tin- 
furnace irregularities and thus assure coiitimious 
operations of boilers, coke ovens and other consuming 
centres. The blast furnace gas holder is a huge 
structure 2^3 feet high, 176 feet in diameter, capabh 
of holding 52 million cubic feet of gas at N.'lMV 
The coke oven gas holder is 192 feet high, ii.? feel 
ill diameter and holds i> million cubic feet of coke 
oven gas. 


vStKKI^-.MA K ING Pk actick 

The la.st leu years have akso seen important deve- 
lopments in steel-making jiractice and a considerable 
increase in production. 

^ vSteel-inaking operations at Jamshedpur are car- 
wed out in two types of plants, the Open Hearth 
a^tl the Duplex. The Open Hearth is the oldCvSt part 
of Vhe Jamshedpur plant. Four out of the seven 
furnaces which we were working ten years ago, have 
lK*en remodelled along modern lines and an eighth 
furnace has lieen built. The ingot production from 
this plant has been increased during the last ten 
years by over 100,000 tons per year, the figure 
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ic)2g-3o l)eiiig 242,000 Ions as coinparccl with 345,000 method was evolved for operating the dephosi)liorizim: 
tons in 1939-40. The Duplex steel-making i)rocess, -x^/rocess on a eonnnercial scale under Indian condi- 
lis its name imi>lies, consists of two operations, (cCf tioiis. This new process consists in Mowing molten 


Mowing the molten pig iron in acid lined Bessemer 
Converters to remove the silicon and nianganeso and 
most* of the carlxm, and (b) transferring the Mown 
metal to hasic-Hned Open Hearth tilting furnaces 
where the phosphorus is removed and the steel 
finished to chemical specification. Tmproveineiits to 
this plant during the last ten years have resulted in 
increase of production from 340,000 tons in 1929-30 
to 670,000 t<^ns in 1939-/10. In addition to these two 
steel-making plants a»four-ton electric furnace was 
installed in 1936 mainly for the manufacture of 
electric castings, wliile two five-ton electric furnaces 
have only recently l)een installed and are being uti- 
lized for the inanufacltire of class steel, spring steel 
and alloy steel. The installation of these electric 
furnaces has been of the greatest assistance in the 
making of superior <iiiality alloy steel required bv 
the Defence Department. 


\Kw vStkki.-m\kin<'. IhiocK.s.s 

he mo^!t^ini)ortant advance made during the 
last decade, from the point of view of scientific re- 
search, is the pnictical development of the rapid 
dephosidiori/iiig process. As this matter lia.'- never 
been the subject of pjiblic discussion in India sc) far, 
a few details will m»t be out of place here. As is 
well known, Indian pig iron contains about '3 1 <> 
’4% phosphorus. This percentage of phosidiorus in 
the iron neither lends itself to the straight basic 
Bessemer process nor to the straight acid Bessemer 
IM'ocess. The phosidioroiis has to be removed to ’05" , 
for most commercial .s])ecirications though as much 
as 10% is admissible in certain lucxlucts. Tin- 
removal of this i)h(>si)ht)rus is normally effected by 
the action of basic and f)xidi/,ing slags in Open 
Hearth furnaces. At the best of times this is a slow 
operation taking from one to several hours even in 
the (juick working Open Hearth furnaces (*f our 
Duplex plant. In 1935, when our general manager, 
Mr (ihaiidy, and myself were on leave in luirope, 
our attention was drawn to certain dcvelotnueiits in 
I'raiice, where a Kreiich steel engineer, M. Berrin, 
had carried out successful experiments in the raiiid 
deoxidation of .steel by violtMit mixing together 
slag and steel ^o as to obtain a considerably great/* 
area of contact between them than could ever/>e 
obtained in the ‘conventional Open llear^h furiKft:es. 
'I'his idea of the violent mixing of slag and steel was 
also considered ajiplicable to the dephosphorizing 
operation. After a study of the French experiments, 
large-scale investigation over a k)ng period was 
tifj/ried ou^ at Jamshedpur and ultimately a pructic^il 


l)ig iron in an acid Bessemer Conx’erler to icmove all 
the .silicon and mangane.se and as much of the carbon 
as retpiircd. This bhnvn^metal is then i>oiired from 
a coTisulerable height into a synthetic molten basic 
oxidizing slag contained in a ladle. The metal comes 
into very intimate contact with the slag and the 
]>hosphonis is rapidly removed in the course of two 
or three minutes, instead of as many hours, in the 
normal open hearth process. .\s the steel and slag 
so])arate, the steel is finishe<l to analysis and cast into 
iugf>ls. The process is subject U) exact control and 
steel of basic Bessemer quality can be made directly 
{roin llu* pig iron. Moreo\cr, the dephosphorized 
metal can be tuither tiealecl in an Acid t h'cn Hearth 
furnace and steel of (iisl class open hearth qnalitx 
can be made. 'I'liiis for llu- first time in India it 
becomes possible to make acid .sled out of Indian 
basic pig iron. plant for the mannfacliire of stivl 
by this process is now under coiistniclioii. 'fhe 
siic('e.s.sftil (Ic-\'eIopment of this process imp' be le- 
gardeil as the most important advance in steel making 
practice that ihe young Indian steel indnstrv has 
made. It is likely to have far-reaching effects on the 
eslaldislniieiit of several new industries in India, such 
as locomotive manufacture anil the immiifactiire of 
railway wheels, lyres and axles for whicli acid steel 
is specified. 


k.\ij..s 

‘i.- > •• 

In the maniifacUu-e''<4)f lails, advance has been 
made as a re.sult of metallurgical research during the 
last ten yeais. Inve.sligalions have shown that 
nieiliuni manganese rails with a lower carbon and 
higher manganese c«)nteiit of i, 10 to i <to';,, have supe- 
rior properties of wear and resistance as compared to 
straight carbon rails with liighcr c.'irKm and lowvr 
maiigane.se content. There is a growing tendency t«> 
^leplacc straiglit carbon rails W'ilh medium manganese 
rails. On the other hand, high chromium rails wvre 
found unsatisfactory. 

An interesting ailvaiice has been tin- installation 
of Sandberg Ovens for the vSandberg controlled cool- 
ing process for rails. All over the w’orld the con- 
trolled cooling of rails has come to ln.)rlooked upon 
as a definite and de.sirable advaiu^ on the old 
practice of cooling rails on open hot-beds. 'The 'fata 
Inm and Steel Conijiany have obtained exclusive 
rights in India for the working of the Sandberg 
process. The\' have installed four vSandberg Ovens 
for the controlled oioling of their rails. Ivxi)eriinents 
are al.su being conducted in the*welding of rails in 
^Ih e track. This aims at giving longer lengths in the 
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track between joints and helps to provide a smooth^^r 
ride. 

• Pl.XTKS 

In the Plate Mill, the niosl inlercstinj> develop- 
ment in the last decade is life installation of a modern 
iiormali/iii.e fiiriiace for jilates. 'I'liis furnace was first 
installed to normali/.e some of the hi.eh tensile steel 
plates for the new Howrah Hridj^e. By the aid of 
this furnace it is now possible to produce in India 
normali/ed plates which had formerly to be imported, 
'i’lie furnace is also used to normali/e certain struc- 
tural secticjiis. 'riius materials with a new rauj^e of 
plivsical proi>erties have been made available to the 
desi.unin.e engineers. It is worth iiotiui* that Indian 
plates have larj^iely rei)laced forei.mi plates even for 
the mr>^t exactin.e demands, such as for bari*es and 
ships. 

vSllKKTS 

Tell years a^o, the Sheet Mill at Jamshedpur 
consisted of live hand-operated units and the total 
annual production was ,^<S,ooo tons. The rollin.i» of 
sheets was an extremely strenuous manual operation 
callin.e for considerable t)hysical exertion. Pixxluctiou 
was low, defects and rejections were hij*h. Today 
we ha\e only four hand-operated mills and three 
mechanized units with an outimt of 170,000 tons, 
'riiese iiew’ mechanized units have i)rtKluced tonnages 
w Inch, as far as can be ascertained, constitute a world 
record for this type of equipment. Besides the 
ordinary (juality mild steel sUyiihiij tife Jamshedpur 
plant now turns out dilYer<^iit classes of sheets with 
a hi.eh tirade finish, includiiiK ‘Tiscor’ and hii;h 
carbon sheets. Panel plates for coach buildiuii: are 
supplied to the Railways and the various eusiueerini; 
firms. Other s|)ecial developments in sheet manu- 
facture are the rolliiii^ of drum stuck for the 
manufacture of drums and containers, eiiamelliiii* 
stock fur deep-drawing and .sub.scqueiit enamelling, 
furniture stock and, lastly, .special sheets for steeU 
helmets for the army. 

I*,()W-\i.i,(jy Stkki.s 

It is owing U) api)lied research that most of the 
sigiiiticaiit adlvances in the steel industry at Jainshed- 
pur during tlV last decade have been made possible. 

I have already mentioned the case of the rapid 
dephosphorizing steel. The development of low- 
alloy steels is aiiotlwr v'ery imi)ortant instance. 
Engineers in general and tiansi>ortatioii engineers in 
t)articular are beginning to realize that ordinary V 
carbon steel perfovuis its functions only at the] 
expense.! of unnecessary dead weight and ex-/ 


cessive loss due to its low resistance to 
corrosion and abrasion. The problem of providing 
suitable materials for lighter weight is not one relating* 
to mechanical strength alone. It retiuires the inte- 
gration of several luoperties in one material, such as 
.strength, resistance to impact, corrosion and abnmion, 
ease of forming, satisfactory welding, etc., as well as 
moderate co.st. With this end. in view, metallurgieal 
research was conducted at Jamshedpur, re.sultiiig in 
the development and cf)mmercial manufacture of a 
low alloy, high-tensile steel containing cop])cr and 
chromium known as ‘Tiscrom*. Tins steel is being 
employed in the constructioni of the new Howrah 
Bridge. 

J'he introductit)!! to India of another low-allov 
high-tensile steel, sold in America under the trad, 
name ‘Corten’ deserves mentit)ii. Research coiTdncted 
in America had shown that the addition of a high 
percentage of silicon and pho.sphorus to alloy steel, 
coiitaiiiiiig chromium and copi)er, resulted in a 
low-alloy high-tensile steel of the same properties as 
those of Tiscrom but with the additional imi>orlant 
property that it could be readily welde^t by all 
methotls of rapid welding such as uxyacetyleiie and 
automatic electric welding. After , investigation 
into the possibilities of the manufacture of this steel 
ill India and an examination of the claims put 
forward for it, the Tata Iron and .Steel ComiJaiiv 
obtained exclusive rights for the manufacture and 
marketing of this steel in India under the trade name 
<»f ‘ Tiscor \ 


Si’KciM, Stkki.s 

Reference has already been made to the iii- 
slallaliou (jf the electric furnaces. Among the si)eeial 
qualities of iron and steel manufactured from these 
furnaces are chroine-imnigaiiese .steel for crane track 
wheels, Ihirt^eii per cent manganese steel for crusher 
jaws and similar hard wearing parts of machiueiw', 
iiic'kel-ehrome heat-resi.stiiig steel and cast iron for 
various eastings required to withstand high tem- 
peratures and nickel-chrome-mulvlxleiuim steel for 
'raiie pinions, mill rolls, etc. The manufacture at 
Jamshedpur of special alloy steel rolls has enabled the 
Steel Company to replace similar rolls of foreign 
immufacture. 

Since the outbreak of the war, intensive research 
wNj'k has Ix-’eii undertaken for tlovcrnmenl in 
comiectioii with the manufacture of armoured vehicles 
in India, and as a result a bullet-proof armour plate 
of special alloy steel which has stood the firing tests 
and has been accepted by (Government has Ixicn 
developed. .Suitable .steels for the manufacture ol 
armour piercing shot and for steel helmets have ^so 
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been produced. Research work was iiiidertakeii at 
the instance of Government in regard to the supply 
of steel suitable for telegraph uires. This steel has 
now l)een successfully manufactured and the wire 
rolled at the works of the Indian Steel and Wire 
Products out of this material has met with the 
aj)proval of the Department of Posts and Telegraphs. 

f 

Researches are Ixjing carried out on behalf of the 
Defence Department in connection with the welding 
of chrome-molyl^lenum steel plates for aircraft 
niaiiufactui»e and in other directions. 

■ 

Most of the high speed steel requirements of the 
plant for machine tools are now being met by the 
reinelting of tool scrap in the high frequency 
induction furnace in our laboratories. High chrome 
and stainless steels have been produced in the furnace 
in small (piantities. 

Besides metallurgical research, fuel research, 
chemical research and research in refractories are 
being pursued. Researches of the fuel department in 
blendinf^ and mixing have resulled in the deter- 
mination of tile most suitable varieties of coals for 
coking and similar purposes. Research on refractories 
has enabled us to evolve a better class of refractories 
for the use of the steel plant. Indian raw magnesite 
was at one time considered unsuitable for use in basic 
steel furnaces. Investigations carried out at Jamshed- 
pur have now imule it pfissible to i)roduce in India the 
vSteel C<’mj»any*s entire requirements of finished 
maguesile. Metal-cased magnesite bricks made at 
Jamshedpur liave given very enconraging results for 
the superstructure of basic furnaces. Chrome magne- 
site brick for use above the slag line in basic Open 
Hearth furnaces in [dace of silica brick is another 


important development in the refractory field. Other 
interesting developments in brick manufacture are 
investigations into the jKissibilities of the mannfactnre 
of forslerite, semisilica, micaschist ajid imillite 
bricks. An entirely new process has been develope<l 
for the manufactiM'e of miillite refractories using 
cyaiiile, siliinanite and andalusite, India having 
practically a monopoly of the first two. Very 
productive work has alst) been accomplished with 
regard to high-tempeVatnre mortars. vSuperior types 
of mortars for high temperature work are now being 
locally made, replacing many of the imported 
brands. 


A Xuci.icu.s roR .\ Natkwaf. Mktam.uroicai. 

IvABORATORY 

To facilitate research work, a modern well- 
equipped lalwratory was erected in 1937 at a cost of 
over rupees ten lakhs. May I express tlie hope that 
with the facilities for metallurgical research provided 
by this laboratory and its workers, Jamsl]ed])iir may 
ill the near future liecome the centre of ’a National 
Metallurgical Laboratory and Research Institute anil 
thus be enabled to play a greater and worthier part 
in the development of the metallurgical industry in 
India. 

When the titanic conflict now lK?ing waged ends, 
as end it must, in the triumph of the democracies and 
the cause of human freedom, I pray that India may 
emerge from it with the foundations of its industrial 
as well as ^^olitical freedom well and truly laid, so 
tluit she may be property equijiped to jilay her right- 
ful part ill peace and in war as a worthy member of 
this great commonweal 111 of nations. 



BENARES 


The Site of the Science Congress, 1941 

Its History and Present Sights* 


PAKT I 

History of tlie Growtk anJ Develo|>ment 
of tkc City 

City of Ik'iiaics to which Ihe Indian sScicncc 
Con.j^rcss rcliiriis in its second round after itS 
\eiirs is l»y conitnoii consent rey.arded as ^hc most 
sacred city for the Hindu inhabitants of India. 
Sacredness carries with it tlie idea of anti(|nity. We 
can therefore just take a bird’s eye-view of tlie 
ancient history of this famous city. 

Heiiares certainly flourished as a city when 
R<jnie did not exist and Athens was a mere Pelasi’ic 
villa.L'e (iiefore oon B.C.), but we have no material 
proof as yet whether it is as old as Memphis or 
Thebes of the r!.eyptians or Ur of the Clialdecs, and 
even in India as old as Mahenjo-daro and Harappa 
in the Indus valley. The oldest material fecords as 
yet do not beyond the Maurya a^^e (the pillar of 
Asoke stands at Sarnath which was a part of ,old 
Benares). When wc scan tlit Hindu scriptures, we 
find that neither the city imr the country round was 
reuarded "holy” in the most ancient times in the 
eyes of the Wdic Aryans. The name of Benares is 
not found in the Rigvtda. We come across a 
reference to Kasi, in the Pippalada version of tiic 
.Ulunvavi'dn , but this is anything but complimen- 
tary. The writer of the verse describes a magic 
process which is invoked to drive away the 
fever «)f ])atients, apparently of the north-western 
country where Aryan culture first flourished, 
to the land of the Kasis ai]d Magadhas. This has 
been interpreted tr) nfcan that at the time when the 
verse was written, Benares and the other eastern 
Hal ts of India had not accepted the sacrificial cult of 
the \’^odic Aryans. Kven in the Mahabharala (in 

■' In ptvjijiring lliis .icrnniil, we ai'kiKnvlcclgr with 
griiliunli- ih.n the litst part li.i-s htwii based on l*rnf. A. S. 
AlU'Uar’s hiiok, ///shMv <>/ h’riiatr.s and tin* sermid part has 
luen Md:i])ted from an article willi illustratunis kindly 
-ni>phyd to h\ Prof. p. S. Vaniia. Wc arc atst> iiidchtcd 
to Rai Il.diadnr Ramapr.^sad C'liahda for going through the 
artieli- .-nnl lu‘1|>iiig ux \\ith many facts and '<iiggcstn»n*<. 
- I'll., Siirncc ami CuUutc. 


its ino<ierii form, a product of the third or fourth 
eeiitury B.C.) IViiares i.s given a very scanty notice 
amongst the holy places of India. Its reputation 
grew with the eastern migration of holiness which 
we trace from the first century A. I), with the rise of 
Panraiiic Hindnisni. 

Though, therefore, the sacredness of Benares 
seems to be a ratlier late idea, it is (luite probable 
that even in pre-Vedic tiiiiCM it was the seat of a vast 
lK>pnlation ainl a place of commercial, political and 
religions importance. vSeveral confused legends in the 
later literature have beem interpreted to mean that the 
cult of the i^iva-Pashiijiati f«)r which Benares has 
been celebrated tbrougliout ages, bad been flourish- 
ing there, even before the advent of the \'edic 
Aryans. The existence of this cult has been 
established in the pre-Vcdic civilisation of the Indus 
valley (r. 2600 B.C.), traces «)f which have been 
found as far east as Ruper in the Ambala district, 
ft is (piite ixjssible that even about 3000 B.C., 
Benares .was a flourishing centre of this cult. 
Prof. Altekar thinks that Benares resisted for long 
the inroads of the Vedic sacriticial cult and the 
memory of these conflicts is preserved in the Pnranas 
in the form of the w'ell-known story of Daksha 
Prajapati, who invited all the \'cdic gods to his 
sacrifice but excluded f^iva from it. The Puranas 
record that on account of this insult Dtiksha’s 
•sacrifice was wrecked by the votaries of Siva and 
he lost his life, and later, the Vedic gods wx'ie com- 
pelled to agree to the inclusion of Siva amongst 
them ; this admitted Siva to the advantages f)f the 
sacrificial cult. 

^ The SJimc story is probably recorded in another 
form in the story of Divodasa who is regarded as a 
Ialcr\desccndant of Kasi, the eponymous hero who is 
credited in the Puranas to have founded Benares. 
Divodasa, a strict votary of Siva is said to hase 
banished the gods (\^edio gods) from Benares but 
Ultimately came terms with them and left the 
j'itv after leaving a phallus of Siva to be ivorsliipped 




JiHNARHS FRdM THK OANGKS 


with tile king Janaka of Vulclia and tried to attract 
the expounders of the T'paiiishadic philosophy to his 
court by giving them inesents and offering other 
allurements. / 

Benares is etpially famous in 'the Hiiddhistic 
literature. According to the Jataka stories, a line of 
kings bearing the epithet of Bralinvidatta reigiu-d 
there. The country roundabout Benares was peop/ed 
by a Kshatriya trilK* called the’ Kasis from wh*ch 


X'araiiasi (Benares) is iiieiilioiied in any text 
older than the earliest Buddhist texts, according to 
which (laulania Buddha visited Jt on liis way to 
.Mrigadava, modern v^aranatli. Ac('onling to the 
I'inaya Pitaka, his first disciples after the five old 
pupils to whom he preached his first sermon • at 
Saraiiath came from the city of Benares. This is not 
to be wondered at. It is slated in the Satapaiha 
Hrahwana (13, 5, 4, .>3), ^‘Satanika Satrajita per- 
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tV>iinci.l ihc (joviiiata (form of Asvaiiiocllial, atlcr 
lakitij^ away tlio horse of the Kasya (Kin^) ; and* 
since that lime the Kasis do not kceiJ up the (sacri- 
ficial) fires, Siiving that the Soma-drink has been 
taken froin'iis”. The SalulHiUia lhahmuna may be 
aSvSigned lo eij»hth century H.C. ^The extract shows 
that the land of the Kasis hud ceased to be a centre 
of Hrahmanic ortlnnhjxy even before (hiutaina 
Ihiddha. Heterodoxy ot the petjple of lieiiares at 
so early an aj^e may lx.* <lue to .the rise of Pasupata. 
Of the primitive form of Saivism which is con- 
demned ill the Hrahmanic texts, the discovery of 
what seem to be phallic emblems and figures of seals 
silling in posture that look like the prototype of 
Siva indicates that some form of Saivism may be 
very <jld and a wave of that cull might have reached 
Heiiarcs even before (baulania Hinldha and Sala- 
paiha lhahtnana. This hypothesis ex])laiiis the pre- 
eminent place that Henarcs occupies among the vSaiva 
holy places. 



GOhDHN TRMPbK OP BRNARRS 


Benares was* an ancient centre of trade. 
Katyayana, the author of a supplement to the 
giammar of Panini in one of his stanzas (on Panini 4, 
.1* S4) refers t() Benares by the name of Jitvari, 
city of triumi)h (Katyayana is assigned to an age 
not later than third century B.C.). Patanjali in his 
Mahiibhashya explains that the merchants called 


Varanasi Jitvari (evidently Ix'caitse they found trade 
in the city very profitable). 

Kasi appears to have formed a pow'erful kingdom * 
some centuries Ixfore the rise of Magadha. There 
used to be constant war between the two neighbour- 
ing kingdoms of Kasi and Kosala (modern OmHi), 
and it is said that some years before the birth of 
Buddha, Benares was conqueved by the king of 
Kosala and was absorlx-d as an integral part of his 
kingdom. 

During Buddhistic times Beiiarer. enjoyed the 
reputation of Ix-ing a great centre of learning, 
second only lo Taxila in northwestern India. The 
reputation of the city was so great that when Buddha 
first thought of his system he could find no better 
place for expounding it than Benares, lie met his 
first five disciples at Sarnath, which is six miles to 
the north of present Benares, and must have formed 
part of old Benares. The ancient name is alier- 
natively Rishipattan or the atxxle of sages and 
Mrigadava, or “the deer park of king Brahmadatta”. 
The place where Buddha first turned the Wheel of 
Law forms the i>resent ruins of Samalh. • Hen 
Asoke erected one of his pillars and built the famous 
temple of the Wheel of Law, round whic)i the huge 
monastery of Sarnath grew uj) in subsetiuent lime>. 
Many of the first disciples of Buddha were drawn 
from the city of Benares. At the time when the 
Chinese traveller Yuan Chwang visited Benares (P.;n 

A. D.), Sarnath was a huge Buddhist establishment 
with a monk population of 1,500. No ednv'aliunal 
activities are however referred to. The , ruins ol 
Sarnath have been carefully excavated by llu* 
Archaeological Survey of the (government »)f India, 
and the finds are housed in a Museum on th.e site. 
Pious Buddhists, under the stimulus of the late 
Ceylonese leader, Anagarika Dharmapala, have 
erected a fine new ‘Vihar’ on the eastern side of 
Sarnath and has given to it the ancient name of 
‘^lulgandhakuti Vihar”. A visit to Sarnath is well 
worth the trouble. 

• Benares pas.sed afterwards under the rule of 
Magatlba. It used to be the scat of a province and 
Si'^nnaga, the founder of the Sisunaga dynasty, is 
said to have been first a governor of Benares. Never 
a capital city, it must have shared in the political 
vicissitudes of the times, connected with the 
dynasties of the Maury as, the Snngas, the Kanvas 
who ruled Northern India from the fqiirth century 

B. C.'jto the first century B.C., but no memories of 
the city diiripg these times have been preserved. 
Siiiiga remains have howx'ver been found in several 
old iiionnds in the vicinity of Benares. 

N It was during the last quarter of the 1st century 
A.l). that Benares first fell under the rule of a. 
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foreigner but one who rapidly became a good Indian. 
Inscriptions have been found at Sarnatli — and they 
can still be seen in its museum, which show that 
Kanishka, the great Kushaiia emperor, had suc- 
ceeded in coiiriiicring the whole of U. P. right up to 
aui including Peiiares, some time before Si A.D. 
In that year Kshatrap Vaiiashpara was the governor 
over Heiiares and Kltarapallaiia was the viceroy over 
the province. Both these officers were foreigners, 
as Iheir names clearly show. 

Bkn.vrks duking Paijranic Timks 

• 

The Kushana rule over Benares does not seem 
to have lasted for more than a eeiitury ; for, towards 
end of the secoml century A.D. the Kusliaiias lost 
theiii control over all the territories outside the 
Punjab. Nothing detinile is known about the 
political history of Benares during the third century 
A.D. It is presumed that just !)efore the rise of 
the ('lUplas, Benares passed under the Bharasiva 
emperor Pravarseiia, who celebrated ten “liorse- 
sacrilices’* Benares. Some are of opinion that the 
C'fhat known as the ‘Dasaswamedaghat* marks the 
site of these sacrifices. In the fourth century A.D. 
Benares foi’med part of the Gupta empire. One of 
tile first specimens of Gui>ta sculpture was di.scovere<l 
at Benares some years ago. It is a very big image of 
Krishna holding up Gobardhaii and is now deposited 
ill the Sarnath Museum. The (lUj)ta rule lasted 
for alxmt twf) centuries and was followed by 
that ot* the Maukhavis, who ruled over the city 
from Kananj for aliout a century. During the first 
half of the sewenth century A.D., Benares was 
included in the kingdom of tlie famous king Harslia. 

With the di.sappearance of Harsha from the 
])olilical scene, tlie history of U. P. and Benares 
becomes obscure. Yasovarman of Kaiiaiij seems to 
have ruled over Benares for some time towards the 
middle of the eighth century. After the fall of 
Yasovarman (7.^2 A.D.) Benares .shared in the 
political ttirnioil of Nortlicrn India, passing suc- 
cessively under the Palas of Bengal (S(X) A.D.), the' 
Pratiharas of Kanauj (850-1030 A.D.), and the 
Chedis of Jiibbulpur. In 1026 A.D. the Bengal 
king, Mahipala, carried out repairs to Sarnath 
temples. According to the vSarnath inscription of 
king Mahipala, he is credited to have built a 
numlxir of temples at Benares. The Chedi king 
Kama is said to liave built a temple at Benares known 
as the Karnameru. 

It was during the rule t)f the* Chedi king 
Grangeyadeva (1015-1041) that Benares first suffered 
from Muslim invasion. Mahmud of (ihazni couk^ 
not penetrate as far as Benares, but Ahmad Nialtagin, 

. a general of his son and successor, Masud, managed, 


to launch a surprise attack on the city in 1033 A.D. 
and plundered the city but was driven back very 
tpiickly. 

BKNVRKS UNPliK Till-: ('iAlIAI>\V\I,S OK KanMTJ 

• 

The d isiippea ranee *>f the Chedi puwei* at about 
loOo A.D. led to anarchy in the I’liilcd Provinces 
for nearly a <iuarter of a ceiiliU N . It was pul an end 
to by king Cliaiidradeva, the founder of the 
Gahadwal dynasty, about 1080 A.D. Being the 
lavoiirile place of its rulers, proliably their second 
capital, Benares i)rospered immeiisi'ly during the 
1 2th century. I'lie area of the Benares k'ort to the 
north of the Kasi station was the centre f)f a<lminis- 
Iration at this time. During the diggings recently 
carried out by the P'. I. Railway for the purpose oi 
getting earth to fill new station platforms, a number 
j)f anlic|uilies of the (laliadwal perinil were found 
near Rajghal. Hail the excavation work 1k.*cii 
scientifically carried out, it would have thrown much 
light over the history of Benares during the nth and 
12th century A.D. 'Pile Archaeological Survey look 
charge of the site only when earth to tile dei»lh of 
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icS feet wa,s already removed by the Railway in'er 
an area of about eight acres. P'xeavalions carried 
by it in October and November, Uj.p) liave unearthed 
a number of slriictnres of the Onpla and the Kushana 
periods, and a large number of seals of ministers, 
district officers and temples. 

The i)rosperity of Benares came to an end with 
the Oahadw'al rule. 'I'he Iasi king of this dynasty, 
Jayacliaiidra, was overthrown by Mubammad (Biori 
in 1103 aud one of his generals, Kulub-ud-din Aibak 
attacked and plundered Benares in iio/|. Muslim 
historians tell us that a thousand temples of Benares 
were ra/.ed to the ground and niosiiues were built in 
their places. i-4(X) camels w^'ie reijuired to carry 
away the plunder from the city. 
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HknARKS as a CKNTRK ok LKAKNINf*. ANI> RKWOION 

• 

Buddhist centres of learning like Nalanda and 
Valabhi l)ore a great resemblance to modern univer- 
sities. They were organised corporate b(jdics, 
following definite courses gf education and lx*ing 
governed and managed by executive committees 
presided over by distinguished monk scholars. 
Hindu Benares was not such ^a centre r»f learning. 
There were no organised colleges or universities 
there, which were governed by central Ixidies and 
used to teach courses that were approved by any 
central l)ody like senate or board of studies. It was 
a centre of learning, simply l)ecause there were 
among its residents a large nunil)er of famous scholars 


known as Kasika in the seventh century A.D. It is 
the earliest extant commentary on Banini. 

In ancient times, religion and learning went 
hand in hand ; Benares l)ecanie a great centre of 
learning primarily because it was a great centrg of 
religion. We have seen already how it was a notable 
centre of religion, and philosophy in the t 'i)anishadic 
period. Its Mahadeva worshij) g(x;s back to even a 
greater anthiuity. Its Visvanatha probably re- 
presents a happy synthesis of the Mahadeva of the 
Vedic times and the presiding deity* of < Benares of 
the pre- Vedic religion. 

The main temple of Benares has been referred 
to by the Chinese traveller Yuan Chwang, who had 
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who were giving free tuition as a matter of sacred 
duty, to such earnest students, as might conic to 
them. 'I'he refUitation of Benares as the foremost 
centre of .Sanskrit learning continued undiniinishcd 
during the Muslim rule also. In the provinces no 
Pandit was heard with respect, unless he had spent 
a dozen years at Benares. One of the most notalde 
literary work produc^.'d at Benares is the commentary 
on the grammar of Panini by Barnana and Jayaditya 


visite<l the city in r. 640 A.D. It was a grand 
structure, with a spire of more than 100 feet height. 
There seems to have been an image *of Siva in tlu* 
humgn form in the temple, perhaps in addition to 
the linga. ‘Benares as the holiest place is referred 
to in hundreds of inscriptions from South India 
lieloiiging -to the first millennium A.D. It must 
have been visited by thousands of pilgrims in those 
days as it is today. 




( 16 ) 


BknakKvS as an IndUvSTkiak City 

Benares however owed its ini]>(>rtaiu'e not only 
to its Ixjing a centre of reli|;ion and learning ; it was 
also a great commercial and industrial city. Iweii 
in ^)re-Buddhist times Benares was famous for its 
soft and thin muslins, bewitching perfumes and 
scented oils. Throughout the length and the 
breadth of the country, the Benares silks were then, 
as now, famous for their texture, colour and intrinsic 
merit, and were nse<l by the fasliioiialile circles of 
Sindh as yNfiW as Bengal, Kashmir as well as Madras. 
A lady, anxious to ^dissuade her liusbaiid from his 
resolution to renounce the w«^rld is seen promising 
to him,- 

‘ 1*11 wear finest Benares nibcs for thee, 

• With crimsoned sandal woo<l perfumed*. 

Benares used to exp(»rt huge (juanlities of silks, 
l>erfuines and scented oils to all the provinces of the 
country. Caravans carrying on this trade were 
always to be seen encamped on its outskirts. In 
these .cl.'iys Benares was famous for its ivory work 
as well, ■ hater on from about the third century A.D. 
it develoi)ed an imiiortanl school of sc'ulpturc. 
Benares images were well known for their beauty 
and excellenc'e, and were exported to distant cities. 
The image industry still exists in the modern city, 
but its workers have now lost the old skill and 
tradition. 


Bknarks DURiNCf Muhammadan Timrs 

Let us now pass on to consider the political 
history of the city during the middle ages. The 
imj)ortanoe and prosiierily of the city declined 
during the Muslim rule. Partly liecaiise it was the 
centre of idolatry and partl.\' because it lay off the 
tlieii recognised load to the east which paSvSed 
through Kanauj, Avodhya, Jauninir and (Biay.ipur, 
Benares did not remain the headijuarters of a pro- 
vincial government duiiiig the Muslim rule. It was* 
the headquarters of merely a district. XTuder the 
Moghul rule for some time it was a mint city, but it 
never became the headquarters of a v^uba or province. 

The Muslim rule with its alien culture and 
iconoclastic altitude naturally caused a great shock 
to the city. During the 13th century there seems 
to have been wholesale exodus of the Pandits from 
the city to the Deccan because mmc of the present 
Brahmin families of Benares can trace their descent 
to the receivers of the gifts recorded in the copper 
plate inscriptions of the (lahadwal khigs but this 
soon came to an end, for the Deccan itself passed 
• under the ^luslini rule in the fourteenth ceiiturj'. • 


During the Muslim rule, the temides of Benares 
were demolished several times. Kntiib-dii-din ra/.ed 
to the ground a thousand lenqjlcs in the city, 'riiere 
is reason to believe that a similar course was followed 
by Alaiid-diii Khilji and Ibrahim btKli. During the 
Sharqiii rule {iqtx.) A.D.- i.p/o A.D.), temples in the 
city were once more piflled down in order t<i supply 
building material for the beautiful mosipies that were 
being bnill at Jaiinpiir, tbe capital of the Sliarcpiis. 
'Phere is still an inscnlx^d stone in the noi tli-weslern 
corner of the bal Darwa/a iiiostiuc at Jauiipur, which 
shows that it originally belonged to tlie Padmesvara 
temple of Benares, which was built near the temple 
t)f Visvanatha in i .?qh A. I). 


BKNVRKS rN'DKR TllK PlK.ST Muf.llM. kn.KRS 

Willi tile advent of Aklvar, things changed for 
the better. The rnij)eror had decided to follow a 
l>olicy of tf)leration towards his non-Miislim subjects, 
and it m)W became i)OSsible fo.- the Hindus to 
openly build new and grand temi»les aqd ghats in 
the city. It was during Akbar’s rule, that Raja 
Man Singh of Amber built Mimmandir and Man- 
sarovara. The leiiqde of Visvanatha was alsf» rebuilt 
on a grand scale in c. 15S0 by Raja T<Klar Mall, 
the finance minister of Akbar, at the instance of 
Xarayana Blialla, who was the a^rapandita of the 
city. During the reign (;f vSliali Jehan, tile imperial 
policy changed and the rebuilding of temples was 
prohibiten. 70 temples that were under construc- 
tion in Benares were destrf)yed. Aurangzeb*s icono- 
elajilic zeal was greater than that of his father. He 
issued a special and Xipecifie order that the great 
temple of Visvanatha, which was the holiest object 
to the Hindus, should be demolished and a mosque 
built in its place. The order was executed during 
the monsoon of A.D.* The Ovan Vapi mosrpie 
to the north of the present Visvanatha temple was 
the site of the older teiiqde. glance at its rear 
wall will show that the structure was originally a 
Hindu temple. The old walls have been kept in- 
tact to a considerable lieiglU and have been sur- 
moniiled by the ^luslim doiiK-s. The doors of tlie 
old tcm]de can also be .clearly seen in the back wall, 
filled up with stones. 

"I'he fate ot the Visxanatlia temple was shared 
by almost all the shrines in the cUy. It is a signi- 
ficant fact that modern Benares has no temple which 
can be definitely assigned to tbe pre-Aiirangzeb 
period. 

Though the days of royal patronage were gone 
for ever Benares continued | to be the centre of 
Sanskrit learning ami Hindu religion during 
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Muslim rule as well. Its atlraciion to the Hindu 
mind continued to be as powerful as ever, and we 
find that several families of the Dcccaiicso (from 
Maharastra., the Karnatik and Telin^^aiia, and from 
BenK.'d) Bandits came and settled down there during 
the sixteenth century A.D. fhese families were 
occupying a very prominent place in the intellectual 
life of Benares for more than three centuries. A 
very large numlx?r of Sanskrit works were written 
ill Benares during the period 1500 to iSoo, dealing 
with nharmasaslra, logic aud Vedanta. The con- 
tribution of Benares to Sanskrit scholarship and 
literature was greater than that of the whole of the 
rest of India. Amongst the famous scholars may be 
mentioned Bhattoji Ihxit, who wrote Siddhanla 
Konmudi, the most famous commentary of Banini*s 
grammar. Benares was fortunate to leceive royal 
|»atronage during the time when Dara Sliikoh was 
the governor of Allahabad. Tin's prince had a 
fascination for Hindu philosophy and engaged 150 
Benares Pandits to translate the rpanisliads into 
Persian. It was the T/itin lendering of this Persian 
translation that first anpiaintcd the western scholars 
with the pfiilosophy of India. 


four saint poets, who made the city a centre of the 
medieval Bhakti movement. Both Guru Nanak and 
Chaitanya, the leaders of the Bhakti schools of the 
Punjab and Bengal respectively, visited Benares in 
order to ex[)oimd their gospel in this famous centre 
of Hindu religion and culture. • 


Bknarks in I{ari,v British Timks 

Benares practically pas.sed under Hindu rule 
again, when Maiisaram, the founder of the present 
lulitig family of Benares, got the management of its 
Zetnindari from the Nabol) of Oudh in c. 1725. 
b'ventnallv however Benares passed under the 
British sphere of influence in 1765 and Kast India 
Company supported Balwant Singh who succeeded 
.Maiisaram in his struggle against the Nabobs. 
Bahvaiit vSingb died in 1770 and there arose a dispute 
.about .succession between Mahi]) Narain Siiigli, bis 
daughter’s son and heir, and Chet vSingh his illegi- 
timate son. Tlic former was a minor and so Chet 
Singh could manage to get his claim recognised both 
by tile British and the NalKib. Soon however there 



lINIVICUvSITY OH HLKCTRICAI, AND MICCIIANP.'AL H.VGINHKRING 


Bknarks and tuk Bhakti Cui.t 

The contribution of Benares to the development 
of the medieval Bhakti school is also great. 
Ramaiiamla, one of the earliest Vai.shiiava reformers, 
flourished in Benares during the 14th century; he 
used to live near the Panchagaiigaghat. During the 
next ceiilnry lived his two disciples Kabir and 
Raidas; of these the former was Ixirn within the 
citv area of Benares and his samadhi has given the 
name to the Kaliir Choura Mohalla of the city. 
Kabir was followed by 'fulsidas, the famous author 
of the Rdmarharitanuinasa, who carried on his 
literary and leligiousr activities in Benares till Iiis 
death in Benares may well lie proud of these 


t»arosc the well-known dispute between Chet Singh 
and Warren Hastings and the latter came to Benares 
to '^etlle it in July 1781. Hastings’ headiiuartcrs 
were in Madhodas’ Garden in Kabir Choura ward, 
which still exists. 

Chet vSingb became very nervous when the 
Governor-General himself came down to Benares. 
He j)rocoeded to explain liis position... He offered 
Hastings a j>ersoiial bribe of Rs. 2K lakhs and the 
Company a fine of Rs. 20 lakhs. But Hastings was 
relentless. He demanded 50 lakhs, which Chet Singh 
could not pay. He was therefore put under arrest in 
the Sivala fort, where he was staying in the city. 
Two companies of soldiers were sent to guard him 
'there. • 
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When the news of Chet Sinp:h’s arrest reached 
his troops across the river at Raninasar, they came 
to Benares and besie|t?cd the Ttnijlish troops. The 
Ramnasar army was able to kill all the British 
ofllcers and most of their seiioys before Major 
Poi^iam could reach them with reinforcement. 
Flushed with their earlier success, Chet Sindh’s 

soldiers drove back •Major Vopham also. WHiile 

these skirmishes were goin.e on outside the SivaVi 
fort, Chet v^inmh mana.e;ed to descend down to the 
river throush one of the windows of the fort bv 
means of tdrbans tied together; he then crossed over 
to Ramnaj^ar. The •tdace from where Chet Sineh 
effected his escape is still known as Chet Sintrh Ghat, 
and is pointed out to the visitor bv the boatmen, 
uhen they take him to show the Ghats. 

When Major Poi)ham was defeated by Chet 
J^in.iih’s tr(K)])s, Ha.slini’’s position hocanie verv 

precarious in Benares and he also followed Chet 

vSinp:h, and thought that discretion was the belter 
l)art of valour. On one dark iii.e:ht be stenlthilv left 
the city and manaji»ed to reach the fort of Chunar hy 
a forced march. TTastine:s’ flight from Benares is 
rcmeml>ered in the popular doeftcrel : 

. . 


From Chunar he made belter (irran.eeinenls to reduce 
Chet .Sn^h and was eventually successful. Chet 
vSiiiJ’h fled away to ^lahadji Scindia and ITasliuiis put 
Mahip Naraiii vSin.£»Ii, the minor .grandson of Balwaiit 
vSiiii’h, on the Benares throne. The youn.q and in- 
exi>erienced ruler was cleverly induced to surrender 
his ruling \)()wers in ijo-t and Benares th\ts 
became a mere /einindari and passed under British 
administration. 

Main']) Narain Singh and his de.sccndants con- 
limicd to be real Zeiniiidais and nominal Rajas for 
more than a century. In loio T,ord Minto’s 

(lOvernmenl took the nmisnal stej) of creating a new, 
rndian State by investing Maliaraja Prabliu Naraiii 
Singh, the then Maharaja of Benares, with full ruling 
])owers over his Zemindaii. 'Phe new Benares Slate, 
that was thus created, was not however given 
jurisdiction over the city of Benares, which continues 
to be under British administration. Its capital is 
at Ramnagnr, which is opposite to Benares on the 
other bank of the Ganges. II. H. Maharaja Prabhn 
Narain Singh* died in and was succeeded by 

bis son II. H. Maharaja Adilya Narayan vSingh. 
The latter died after a short reign of seven years 
in 1939 and has been succeeded hy his Mdopted sem, 
H. il. Maharaja Vibhuti Narain Singh, who is at 
• present a minor. ^ • 

10 


M.\RATir.\S AND BrNARKS 

It was the ambition of several Poshwas and their 
generals to comiuer Benares and rebuild the Visva- 
iiatha temple tm its old site. When the Marathas 
<leoided to heh> tlvc Nabob of Oudh against the 
Rohilas one of the condilious on which the help was 
given was that the Nabob would surrender the holy 
places of Mathura, Prayag, Kaslii au;l Gava to the 
Maratha.s. The Marathas were able tn defeat the 
Rohilas for the Xaboli, but their etigageiueiits else- 
where left them no lime to compel their ally to cede 
to them the alH)ve cities as was agreed upon. Tu the 
meanwhile Benares passed under the British su/.e- 
raiiily, and so the Maratlia plan failed. 

Though the Afarathas could not rescue Benares 
from the .Muslim rule, tlieir rise to i)o]ilical i)()wer 
and iiujHnlanct* coiitributi'd very largely t») the pros- 
perity of the city during the iSth ceiiuiry. Modern 
Benares lA largely a creation of the Marathas. Tt.^ 
ineseiit Visvaualha temi>le has been ]>uiU by Rani 
Ahilyabai of Indore in 1777. The i>resenl teinides of 
Annapurna, Kalabhairava, Sakshivinax'aka, and 
Trilochanosvara liave also been built by the Maratha 
chiefs and geneials. A large number of the 
ghat, Amritraoghal, .*\hilyaghat, Sciiidiaghat, 

Blionslaghal, etc., have also bceii built by the 
Marathas. 

Only a few incidents worth noting here have 
occurred in the history of the city during the British 
period. A dei)osed Nabob of Oudh, Wa/.ir Ali, by 
name, (not 4o be confused with W’a/.ir Ali vShah, the 
nilt’r of Oiidli, who was,(leposed in 1S57), was slaying 
in the city ; he raised an insurrection in 1797 when 
the luiglish tried to remove him to Caleutta. During 
this trouble, the resident of Benares was killed by 
Wazir Ali. The latter was however soon ovei])C)\vered 
and deported to Vellore. 

A terrible Hiiuhi-Musliin riot broke out in the 
city in October, i8o() when a tempk* of Ilannnian was 
.'^•oughl to be built on the ground between the temple 
of Visvaualha and the nu)s<iue nf .Xiuangzeb. I^aw 
:nid order could be restored only after several days. 
In 1.S37 the lactlessnes'? of the British officers drove 
the Iiuliaii regiments in Benares to rehellioti ; but 
the .sepoys were unable to cajituie the city. The city 
remained (|iiict, but jmnilivc expeditions had to be 
sent to sonic of the neighbouring 'villages. Perma- 
neiit gallows W'ere erected in the city to overawe the 
population. Benares anthmities were mainly con- 
cerned in guarding the Grand 'rruiik Road and 
hurrying reinforcements to the north and the west. 
The city assumed the api)earajicc of a vast military 
camp. 
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PART II 

Deserit>tton of Modern Benares 

Bathing Gtt\ts 

'pilE religions character of the city of Benares is 

Ixist epitomised in its f>icliircs(|iic river fronts. A 
visitor views from the river a long procession of 
sacred ghats, architectural teiifples and palaces tiiat 
rise tier alwve tier from the water’s e<lge from Asi 
Sangam down to the DufTerin bridge. The ghats 
which ilecorate the bank of the Ganges and are held 
in highest sanctity and great popularity nufiiber alxuit 
forty. The live principal ones visited by all pilgrims 
when reckoned from the south arc (/) the Asi 
vSangam, (//) l>asaswamedh, {Hi) Manikarnika, 
(zr) Pane'll ganga, and (v) Banina Sangam (the con- 
Huence of the Banina river with the (ranges). 

The Asighat is at the junction of tke (ranges 
and the so-called Asi-stieam. It is a bathing iilace 
without a stairway. Below Asighat is the Tulsighat 
so-called after the celebrated Tulsidas. Next to the 
Tulsighat in imiiortance is the Shivalnghal above 
which is a fortre.ss in which Raja Chet Singh used to 
reside till his rebellion in 1781. Next to Shivalaghat 
comes the Harishchandraghat associated with the 
legend of the king of the same name of the Salva- 
yuga, 

Dnsaswaniedhghat is the most frequented one by 
the people, specially during the eclipse viTlieii thou- 
sands of visitors and pilgrims crowd on the broad 
steps of the ghats. It is supposed in poimlar fgney 
to be the scene of the celcbfation of ten-horse sacri- 
fices by Grandfather Brahma but more probably as 
mentioned before it marks the site of the celebration 
of thc 5 e sacrifices by Emperor Pravarsena of the 
Bharsivas about .soo A.T). Within a furlong from 
here comes tlie Manniandirghat constructed in 1693 
l)y Raja Jaya Singh of Jaipur. The gigantic astro- 
nomical instriimciits in the Maiimaiidir are similar to 
tJiose erected by the same prince at Delhi, Muttra, 
Ujjain and Jaipur. Not far from it is the Mani- 
karnikaghat, the name derived from the well in which 
the earring of Durga is saic} to have dropped. The 
i>lacc is regarded as the holiest cremation ground in 
India. 

Then pa.ssing over some small ghats the visitor 
comes to the gteat Panchgangaghat, being one of 
the sacred places of Benares, h'ive rivers, four Ixjing 
invisible to the mortal eyes, are supposed to meet 
here. Again passing over some unimix)rtaiit ghats, 
such as the vSitlaghat, I,alghat and Gaighat, one 
eomes to the Triloclj^nghat, named after the three- 
eyed Shiva. This is practically the last ghat before 


one reaches the Rajghat, where stood the old Kaj- 
ghat fort of great antiquity and as noted before a 
recent excavation has raised many rare and impor- 
tant antiquities. 


Temples and Mo.sques 

Taking up the temples from the northern part of 
the city, we come across the Adikesab temple con- 
laiiiing the image of Vishnu at the Baruna Sangam. 
Next comes the temple of Bhaironath/ coi^^taining the 
image of Bhaironath, the divii^c Koiwal or chief uf 
police iiiKicr Visvanath. The temple was built by 
Ikiji Raj), Ihe Peshwa of Poona. At a short distance 
to the east of this is the Navagraha temple, 
dedicated to the moon and the other Hindu planets. 
P/eyond this is the temple of Daiidpaii, the huge 
stone tiuiiclKoii with which Bhaironath chastises 
ofTeiiders. In the neighlxmrhood is the Kalkiip, the 
\\\?11 of h'ate, to which pilgrims resort at midday 
when failure to see one’s shadow in the water signi- 
fies ail inevitable death within six months. 

In the central area of the city are the temples 
of Adi Biseswar, Visvanath and Annapurna. The 
Adi Biseswar temple is situated to the northwest ol 
the Carmichael library and is supposed to be the 
most ancient of all the Benares shrines. 

In front of the lofty mosque of Aurang/eb 
standing to the south of the Carmichael library is 
the Jnankup, the Well of Knowledge, into vWiich the 
secoiul Visvanath image was consigned during tlu 
iconoclastic activities of Auraiigzeb. Ch^se by the 
courtyard of this well is the famous temple of V^sva- 
iiath. This comparatively modern temple is noted for 
its dome and tower covered with plates of gill copper 
out of the gift of .Maharaja Raujit Singh of the 
Punjab. Not far from the V'isvaiiath tenqile stands 
the temple of Annapurna, the goddess whose name 
means a ^kStorehoiivSe of food”. This temple was built 
l>y Peshw'a Baji Rao about 1721. At a short distance 
, from this is the deity Gauesh under the title of 
vSakkhi Vinayak. 

Ill the western area of the city near Ansangaiij 
is the ancient tcni|;)le of Bara (laiiesh containing a 
huge red figure with silver hands anti feet, which 
is said to be the largest image of the elephant god 
ill existence. In the quarter of Chctgaiij is a large 
tank called Pisachmochan, named after a demon, 
called Pisach, from whom the city was delivered by 
Bhairbnath and all pilgrims are enjoined to visit the 
lilace before proceeding to more holy shrines. 

Ill the 'southern area of the city are the Jain 
temple, situated just to the east of the waterworks 
• and^ marks the birth place of Parsvanath, ope of IhO 
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most famous of the Jain Tirthankars. The Diirga 
temple and the Durgakunda are situated at the 
southern end of the city. The original shrine was 
built at the time of King Maliipal of the Pala dx nasty, 
and the present building was erected by Rani 
Hhavani, the famous princess of Hengal. The 
Lolaraka kund is a lank, near the puinpiiig station, 
whose water is sui)pf)sed to rcanove the barrenne^s 
of women. 

, • Modern Buii.dings 

Of the large number of modern buildings the 
following stand out unrivalled for architecture or for 
educational and technical importance. The 
Nandeswar Palace is surrounded by an extcii.sive 
gardoii and is the town residence of the Maharaja of 
Benares reserved for distinguished visitors and high 
olTicials. Tt has some historical importance being the 
residence of Mr Davis, the magistrate W’ho in 1700 
gallantly defended himself with a few' sepoys against 
the followers of \Va/ir Ali, the deposed king of Oudh. 
'I'he Queen’s College including the (Toveriinieiil 


e.stabli.shed by Annie Besaiit. Near the Theosophical 
Society .stands the old Central Hindu College which 
formetl the nucleus of Benares Hindu University. 

'riic latest modern building of importance is the 
Pdiarat Mata Maiidiy .situated on the Vidyapith Road 
inside of which there iS a wonderful relief map of 
India, wrought in white marble and executed with 
highest precision in resi)ect of measurements and 
geographical details. 'On the walls are painted maps 
of India of the <lilTerent historical periinls. 

h'DlVATfON IN PrKSENT-Dw BKWKES 

There are in all about ho vSanskrit patlishalai 
which aie olhcially lecognised anil aideil by thu 
department of education in the inovince. Nearly 
200 teachers impart instruction to about 2,500 scholars 
in Veda, Vvakaran, Sahitya, Xyaya, Vedaiit, 
Mimausa, Sankhy:i, Yoga, Dhaimashastras, Jyoti.sh, 
Ilihas-Pui'an, etc. Besides these reeogni/.ed institu- 
tions there are many I'ols condueted through the 
private efFoiis of learned Pandits. 



VIKW OP BHNARKS HINDU UNIVERSITY IIOSTIU.S 


vSanskrit College is the seeond oldest college estab- 
lished ill India dating from 1701. It is constructed in 
a finely curved Gothic style. “It is considered the, 
finest ('.othie building in Asia and lias been aptly 
described as appearing like a perfect dew drop settled 
down from the heavens**. The Saraswati Bhavan is 
situated to the north eavSt of the Queen's College and 
is a modern building built in the ancient Indian .style. 
It houses a large oriental library and a very rare col- 
lection of Sanskrit manuscripts. The Xagari Pracha- 
riiii Sabha is the Hindi academy estalilished some 
forty years ago for Hindi culture and iniblication . 
Connected with it is the Bharat Ka*la Bhavan, a 
museum of art and archaeology establi.shed through 
the zeal of Rai Krislmadas. 

In the western part of the city are the Ram- 
krishna’Mission Buildings, the Theosophical Society,* 


While Benares still maintains the spirit of all 
that is best in ea.stern culture and civili.satioii, it 
contains some of the. most progressive educational 
institutions based on western model. The oldest 
amoiig.st the.se is the Jai Naraiii High School, 
founded in 1814 by Maharaja -Jai Narain Ghosal 
Bahadur. Us control was .siiUscijiieiitly transferred 
to the Church Mis.siouary Society. In 1845 a college 
dcpaiTmeiit was added to the scliool, the college 
being alTilialed to Calcutta University. At present it 
is a high school only under the control of the Church 
Mission and is aided by the U. P. Governiiieiit 

Chronologically the Queen's College is slightly 
older than the Jai Narain High School. It continued 
to be a good lirst grade college alTdiated first to the 
Calcutta University and .subsequently^ to Allahabad 
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University till 1921 when the status of the college 
was reduced to the intermediate stage. 

Anolheu* educational institution, which was 
started in the pre-Mutiny days in i<S54, is the Bengali 
Tola High School to meet the educational retiuire- 
mciits of the local Indian coiiununity. It is termed 
“Bengali’* l)ecause it is situated in one of the most 
ancient cjuarlers of the city, “Bengali Tola**. vSoon 
after the Mutiny the well-known Hindi poet and 
dramatist Bharteiidu Harishchaiidra founded the 
school which is now named after him. It has 
recently been raised to the status of an intermediate 
college and is alllliated to the Board of High School 
and Intermediate iMucation, Allah.ahad. 

W’ith a view to removing the drawl)acks of the 
western system tif education, the late Hr Annie Besant 
founded in i8()8 the Central Hindu College and its 
collegiate school. It attracted a noble band of ardent 
and selfless wf)rkers and soon became an imitortant in- 
stitution for the “education of Hindu youths in their 
ancestral faith and true loyalty and patriotism**. 
Both the eollege and school soon became famous. In 
igr.^ the management of tliese institutions pas.scd on 
to the Hindu University Society to form the nucleus 
of Benares Hindu Cniversity. The present build- 
ing is occui)ied by the Central Hindu ScIkk)! 
only, which is the biggest of all the schools in Benares 
and is certainly one of the biggest high schools 
in India. Attached to this school is also a separate 
school for girls called Central Hindu Girls* School 
afliliated to Benares Hindu University. Almost 
about the same time, the Anglo-Bengali* School was 
started by the genius and imlustry of Babu Chiiita- 
mani Mukerjee. It grew’ steadily in popularity as a 
high school and was afliliated in 1938 for the 
intermediate examination both in arts and science by 
the Board of High vScln)ol and IiitermcdiaU* l^luca- 
tion, U. P. 

The Udai Pratap College and Ilewelt Kshatriya 
High vScliool owe their foundation and continued 
existence entirely to the foresight and idnlaiithropy 
of Raja Udai Pratap vSingh, a big Talnkdar of Oudh. 
Both the school and tlie college are residential and 
admission is confined to Kshatriya l>oys only. 

Benares being one of the most important places 
of pilgrimage, it has naturally attracted many 
missionary socieUes to start their denominational 
schools. The Christian missions maintain a number 
of institutions, sonic of them being especially re- 
served for girls. The Wesleyan and American 
Mission maintain a high school, an industrial school, 
and a training school for primary teachers. The 
Church Mission maiiituns a Normal School for the 
training of wj?men. Then the Ary a Vidya Sabha, 


repre.scnlmg the Arya Samaj, maintains the Dayanand 
Anglo- Vedic College, the Nityananda Sanskrit Veda 
Pathshala, and a primary school for girls. The 
orthodox Hindus also maintain a few institutions of 
the modern type. The best amongst them are 
Saiiataii Dhariiia High School and the Ourjar Path- 
shala. The Indian section of the Theosophical Society 
runs a residential educational school in its beautiful 
compound at Kainacha. There are three institutions 
run by the Rishi Valley Trust where formal religious 
teaching however nt> longer forms an .uitegral part of 
the educational ciirriculuin. Two of these ins- 
titutions are situated in the outskirts of the city 
near Rajghat and the third called the Vasant College 
for women is within the city. 


Sen Ares HtnJu University 

Bknahks Hindu Univkxsity has grown as almost 
another city by itself to the extreme south of Benares. 
It is situated opposite Ramiuigar. Within hailing dis- 
tance of the asrani .saiil to ]>e .siUictified by tlie illu.s- 
trious .sage, Vy«sa, the lofty iMiildiiigs «)f the Univer- 
sity raise their heads to the sky inviting all scekets of 
truth to its hospitable halls of learning. The rise ami 
growth of this reiiiarkalile institution is due to the 
.selfless and patriotic elTorts of the great Indian leader, 
Pandit Madan Mohan Malaviya. vServices towards 
its development have been rendered by the late Jsir 
Sumlerlal, the late .Maharajadhiraj of Darbhafiga and 
the late Dr Annie Besant. 

The campus of Benares Hindu University ih 
one of the largest of university campuses iii the 
world and extends in the form of a semicircle of two 
.s(juare miles in area facing the Ganges. The founda- 
tion stone of the University was laid in 1916 by His 
Kxcellency Lord Hardiuge and the University moved 
to the new buildings in July 1921. 

The Colleges are all situated on the diameter of 
*tlic semicircle, the boarding houses of the University 
are in a row just lichind them, the numerous play- 
grounds stretching between them. On the circum- 
ference, there are residences of the members of the 
staff. It is hardly necessiiry to stress that the building 
plaii.s of the University have not yet been completed 
and among the structures yet to be built when suffi- 
cient financial support is forthcoming --for the pur- 
pose, are the Senate House, the Museum and some 
laboratories and colleges. 

As the visitor enters the University grounds from 
the city, there are the Womcn*s College and the 
VVoiiieti*s Hostel of the University which have been 
built from a generous endowment provided -for the’ 



purpose by the Khattau brothers of noml>ay. There 
arc already a few hundreds of girl students in the 
l^niversity and their iinmber is increasing so rapidly 
that it is not possible to provide more seats in the 
hostel. Alternative subjects in the curricula specially 
suitable for women students, sucli as domestic science, 
music and painting are attracting a gootl number ot 
girl students. 

The other building in the iieighbouihood is Sir 
Suiiilerlal Hos^^ital which provides medical trealiuenl 
to the larjje miml)er of sliideiils and the staff of the 
University living <Sn the grounds. One wing is 
devoted to the Allopathic system and the other wing 
to the Ayurvedic one. The Ayur\'edic College of the 
University is also situated in the same building. 
Almost opposite is the extensive Ayurvedic garden in 
which plants and drugs used in Ayurveda are grown. 
Then we come to the Vice-Chancellor’s lodge at 
present occupied by Pandit Madaii Mohan Malaviya. 
Adjacent to it are the two guest houses, the first one 
being called ‘Cochin (lUest House’ and the second 
one ‘,Uachhtnan (iuest House’, the latter being at 
present 'occupied by the Pro- Vice-Chancellor of the 
University. A few yards more and we come to a 
crossing fPoiii where spreads a long vista of rooms 
accoinuiodatitig a thousaiul students in three blocks of 
hostels. The first one is shared by the students of 
the Central Hindu College, the College of vScieiice, 
the Ayurvedic College, the Colleges of Oriental 
Ueaniiiig and Theology. The department of music 
is also ‘'there, so also the residential accoinmoilation 
for members of the University staff in charge of the 
inmates. "I'liis pile accommodates four hundred 
students, and though not so comfortable as the other 
hostels, goes a long way to help in the relief of con- 
gestion in the hostels. 

The next two hostels, each with a magnificent 
svvee[) of about a furlong in length, are of the SJiiiie 
type accommodating about three hundred students in 
single-seated rooms of the students of the Central 
iiiiidu College, the College of Science and the. 
College of Technology. The hostels are divided into 
six blocks each with a resident member t)f the staff 
acting as assistant warden for each block and living 
on the top in intimate contact with the 

students. All the amenities of hostel-life are there : 
the necessary kitchens, dining and store rooms, 
common rooms for meetings, reading and indoor 
recreation roiJins, a dispensary and medical offices — 
all that is calculated to enrich residential lif<; in a 
university. 

On the same road farther away are .three hostels 
built on somewhat different style accommodating 
^ about four hundred students of the FCngiiieering, 
College,* the department of mining and inetallftrgy 


and the departments of glass teclmologv and phanna- 
ceiitics. 

Peiiares Hindu University has always been in- 
tended to be .1 unitary and residential University and 
it is only want of fiind> that has prevented provision 
of hostel acctmimodalion for all students of the Uni- 
versity who miinber nearly four thousand excluding 
tho.se in the school de])artiiient in the city. Pesides 
the thousiind students living in the six hostels, there 
are about 2 to hundred stmleiils residing iii private 
houses in the iieiglibouriiig villages recognised by 
the University. 

The i-t)a<l leading to the right from the crossing 
near the Lachhinan ( lUcst House brings the visitors 
to the residences of the professors of the University 
of whom a large number live on the grounds. The 
residences are situated on two roads on which line 
teak w'ood trees, ^lahua and Jamun trees are 
planted. .The Utiiversily Pi>sts and 'relegraph Offices 
ami the University Chib, the centre of much social 
life, are also situated along the same line. 

Turning to the left, we pa.ss tlie botanical 
Oardcii of the University. Kcaching the diamelcr of 
the Semi-circle, we have the college buildings and the 
lalioratories along the line and facing them is an 
aniidiitheutre built on the occasion of the visil of His 
Royal Highness the PriiK*e of Wales (later His 
MajcvSly Oeorge VI). 'I'liis provides accoinimKlatioii 
for thousands of spectators lor matches and j)tlier func- 
tions of the University. 'I'lieii comes the Aits College, 
calleil Hindu College, \iccommodating the depart 
iiiepts of b'Tiglisli, t^anskrit, philosojihy , Indian lang- 
uages, mat hematics, tiistory, ]>oliti('s, economics, 
commerce, l>csides the University olfices, the office of 
the Registrar, the Uaw College and the Colleges of 
Oriental Uearniiig and Theology, the last three 
colleges being hehl in tin? morning and evening 
hours. This and the two iieighlxmiing buildings as 
.also the other structures in tht^ University, are all 
in the Hiiuln .stylo of architecture .surmounted with 
lowers reminesceiit of temples and faced with orn.a- 
mentation of well-kiiowm Hindu symbols. They are 
all constructed of Chunar stone, brick and plaster, 
and constitute a rem.arkably fine set of buildings 
aspiring to fulfil Ruskin’s ideal lhat “public buildings 
should be built to last and built to be lovely, as rich 
and full of ])leasanliics.s as may be, within and with- 
out’’. One of the allraclions of tl^e Arts College is 
its fine central liidl serving as the inecliiig place for 
the Univ^ersily, pending the construction of the 
vSonate House. 

The next two buildings belong to the College of 
Science and bouse the finely ^‘(luipped laboratories. 
Though originally meant only for idiysics and 
cheipistry, they have had to accomu\i^b\te several 
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sister Inaiielies of science. Pliysics lias extended its 
hospitality to /oology and l)otany, each of which 
has a separate wing for itself on the ui>per floor of 
the second Imikliiig while the third includes besides 
chemistry proper, the dejiai tineiits of mining and 
metallurgy, geology, and applied chemistry. Ex- 
tensive halls for practical work accommodating a 
large number of students, special research rooms for 
advanced students and members of the staff, lecture 
theatres, all combine to rank the two among the 
finest and most comprehensive laboratory buildings 
of India. 


Patiala, the institution has made great progress and 
has won reputation for itself in the educational world 
of India. Its workshops aim at giving an up-to-date 
and comprehensive training on the practical side to 
the large number of students on its roll while its 
power station furnishes them with excellent facilities 
for training in electrical engineering besides lighting 
up the hostels and other buildings of the University. 

Beyond is the ceramics section qf the College 
of Technology where instructions up to the B.Sc. 
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Beyoud this is the fine Library building, finest 
of all the buildings of the University, built by the 
magnificent donation of, the Gaekwad of Baroda, 
called the Sir Sayaji Rao Gaekwad Library. It has 
several sections and contains a fine collection of about 
one lakh volumes. Xext to it is the Institute of Agri- 
cultural Research which specialises at iiresenl in post- 
graduate instruction and research in the subject of 
agricultural lx>tany and prepares agricultural gradu- 
ates and graduates, in science with l'K:)tany for the 
degree of master of science.* It also takes research 
students prei)aring for the degree of doctor of science 
in agricultural Ixitany. 

A little farther away is the College of Iilectrical 
and Mechanical luigineering which attracts students 
from all over India, from Burma and the Frontier 
Province, from Assam and distant Travancore. 
I'onnded with the help of a generous contribution of 
five lakhs of rupee.® from U. 11. the Maharaja of 


stage are imiiartcd in the subject of ceramics. 
Adjacent to it is the deparliiiciit of glass technology 
in which teaching up to ihc M.vSe. stage is imparted 
to the students. In the same compound is the 
department of pharmaceutics which gives B. Pharm. 
degree to its students. All these three departments 
Jiavc for the first lime been taken up in India by 
Benares Hindu University. The la.st building 
on the road is Benares Hindu University Press 
which has very recently been started to meet the 
needs of the University and in a very short time it 
has become self-supporting. 

Most of the collegiate institutions of the Uni- 
versity have been mentioned. Reference however 
has yet to be made to the Teachers' Training College 
which- is in tjic city near the Central ‘Hindu School 
where the students acquire practical training supple- 
menting the instruction in theory they receive at the 
college. 


/' 



Short Life Sketches 

of the 

General President and Sectional Presidents 


ARDESHIR DAIAl, 

(tenoral President 

Sir Ardeshir Dalai was horn in iSS-j and educated 
at Klphinistonc Collette, lloniliay, and St. John’s 
Collc.i^e, Candn itl.eo. He entered the Indian Civil 
Service in 1900, 
liaviui; stood first 
in the exaniinatioii 
that year. Alter 
a few’ y.ears* in the 
distrietvS as assist- 
a n I C'plleetor ; 
snperinteii d e n t , 
land reeords, and 
collector, he lie- 
eaine snecessixely 
deinily .secretary 
to tlie GoN'ern- 
inent of Honihav, 

Reveinie Depart- 
ment, actin.e; se- 
cretary to t h e 
Government o I 
Honil)ay, h'i nance 
De])artment, and 
acting secretary to the Government of India in the 
Kdneation, Health and I«and Departnieiits, lie was 
appointed mnniciiial eoinmissioner of Bombay in 
1 928 anil in that capacity carrieil out many impur-, 
tant reforms, notably the fight against malaria, to 
which in a large measure the City owes its present 
comparative immnnity from that scourge. He 
retired from the Indian Cixil Service in 1931. 

Sir Ardeshir Dalai was member of the Boinbay 
Legislative Council during 11)24-26 and of the lyCgis- 
lative Assembly at Simla in 1927. 

He is a director and yiartner of. Messrs'. 'Fata 
Sons. He is the director-in-charge of the 1 'ata Iron 
it’ Steel Company and a director of several other 
joint -stock companies connected with Talas as well 
as the Associated Cement Companies and the Central 
Bank of India. • 


Under hi'i guidance from lo.u the Tata Iron 
vSteel Company h.as ginwii funn strength to strength. 
Tic has elTecled manv notable improvements in the 
conditions «)f laNmr at Janishedjnn and has been 
responsible for the introductinii of tlie ])rorit-sharing 
scheme for its labour bv the 'Fata Iron \ Steel Com- 
pany. 'Fhis is the fust scheme of its kind in India 
and ceitainlv the most important. 

He was the chairman of the Indian Chamber of 
Commerce, Calcutta, in and was knighted in 

19.^9- 

M. R. SIDD’QLIi 

President, Mathematics and Statistics Section 

Born in Hyderabad (Deccan) in the year 190^1, 
Brofes.sor M. Ka/iiiddin Siddipi graduated in mathe- 
matics frpm Osma- 
nia University in 
i()25. IIi» com- 
jjldted the mathe- 
matical tripos of 
Camln’idgc in 
1928. Thereafter 
he worked .succes- 
sively in Berlin. 

Gottingen and 
Leipzig till lo.y 
obtaining his doc- 
torate from the 
last named Uni- 
versity. He stu- 
died in Paris for 
another year and 
since 19.U he has 
been acting as a 
professor of mathe- 
matics in Osma- 
nia University. 

Be.sides scientific 
papers he has a number of books on mathematics. 

He is a fellow of the /National Institute ol 
Sciences, Indian Academy of vScivUicc, National 
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Academy of Sciences, Cambridge Philosophical 
Society, Societe Mathemalique dc France, etc., and 
vice-i)resident of the Calcutta Mathematical vSociety. 
In iq.^ 6 he. was awarded the Kducation Minister’s 
g<dd medal by the Xational Academy of Sciences. 

P. N. GHO§H 

President, Physics Section 

Professor Plianiiidra Nath Ghosh was born in 
Fel unary, 18S4. ITe obtained his M.A. in iqoS, 
Pli.D. in IQ20, »So.D. {honoris causa), of the TJniver- 
sity of Padna (Italy) in 1022. He was educated at 
tbe Presidency College, Calcutta, where he came 

ill close contact 
with Sir Jagadish 
Chunder * Hose. 
Later he worked 
on electrical engi- 
neering practice 
under Dr P. J. 
Hnilil who was 
then ])rofessor of 
electrical engineer- 
ing at the Hengal 
Engineering Col- 
lege, Sibpur. He 
joined e Calcutta 
University as 
assi start t professor 
of physics in rgib 
when the TTni ver- 
sify College of 
Science was found- 
ed and^ was a^)- 
pointed Ghose 
professor of applied physics in rgso. He was 
<leputed by Calcutta University to study differ- 
ent methods ado])ted in I'ngland in the 
cmitinental universities for teaching engineering 
sciences, especially electrical engineering. During 
his lour in Europe he was associated with the firm 
of vSiemens vSehukert «and vSieihcns Halskc at Berlin 
having worked in their factory and in outdoor under- 
takings. He worked for some time in the Berlin 
Technische Hf)chschide under Prof. vSchlesinger, 
in the design anM construction of modern machine 
tools. He also .studied practical oi)tics and testing 
')f optical instruments at Zeiss works at Jena. He 
also worked in the National Physical f,aboratory, 
Irngland, on ])recision nietlKKls of measurements 
and of st.'indardisatiljn of electrical and mechanical 
instruments, and at tlie Bureau International Poids 


et Mesurcs at Severes under the direction of Dr 
Guillaume for the comparison of line standards. 

He has trained a number of pupils in spectro- 
scopy, pure and applied, specialising on molecular 
spectra of diatomic gases and infra-red spectra. Jle 
has also organised a laboratory for the investigation 
of dielectric prot)ertics of liquids and gases. 

He is a fellow the Institute of Physics and 
Physical vSocicty of T,ondon ; German vSociety of 
Engineers and I'Vllow of the National Institute of 
vSciences, India. ITe has been recently ap^ointed by 
the (roveniment of Bengal to ad as the chairman of 
the Bengal Industrial vSurvey Committee. 

MATA PRASAD 

President, Chemistry Section 

Professor ^lata Prasad, born in I'ebruary, i8y8, 
look the M.Sc. degree of Allahabad University in 

1922 ^ He was 
appointed as a 
research scholar 
of •tlfe U. P. 
Government in 
1922 ; worked 
under Dr vS. S. 
Bhatnagar, D.vSe. 
O.B.E., the pre- 
sent direbtor of 
Industrial and 
Scientific Re- 
search Hoard, for 
D.vSe.; and took 
the D.vSe. degree 
of Benares Hindu 
University in 
1925. He was 
a]>i)ointed a pro- 
fessor of inor- 
ganic and physi- 
cal chemistry at the Royal Institute of Science, 
Ponibay, in 1925. He was elected a fellow of the 
Institute of Chemistry, London, in and a fellow 
of the National Institute of Sciences, in 1Q35. He 
worked with Professor Sir William H. Bragg, F.R.vS. 
at the I/iboratories of the Royal Institution, London. 

M. R. SAHNI 

President, Geology Section 
« 

Dr M. R. vSahni was educated at Cambridge and 
.proceeded to the natural science tripos in 1922 froiiV • 







Ihe Emmanuel College. lie subsecjiicntly specialised 
. in geology and for his researches at the Scho«d of 
iVIincb, Eondon lie was awarded the I*h.T). of r,ondon 
University, lie was later giv^eii a research scludar- 
ship for 3 successive years by the D. S. I. R. of 
Ore'Kt Britain and uas further awarded the ^larshnll 
Urant for research by the Imperial College of v^cieiice, 
London. At the invitation of the niitural history 
section of the 
British Museum 
he undertook fur- 
ther investigations 
and was awarded 
the D.Sc. degree 
by London Ibii- 
versity. During 
his research career 
he was invited to 
give a demonstra- 
tion of his research 
methods and tech- 
nique at the Royal 
Society. On his 
return from Eng- 
land, Dr Salmi 
joined the staff 
of the Geological 
Survey of India 
and has carried 
out held work for 
a number of years 
in the Slian States 
of Burma. He has held the post of i»alacontologist in 
the department. Recently Dr Salmi has been eiigage<l 
in the investigation of the mineral deposits of Sind. 



S. M. TAHIR RIZVI 

President, Geography and Geodesy Section 

Dr vS. M. Tahir Ri/vi obtained his Ph.D. from 
London University and is chairman of the dejiart- 
ment of geography at Muslim L’niversity, Aligarh. 


SHRl RANJAN 

President, Botany Section 

Horn at Benares in August, 1890, Dr Shri 
Ranjan received his early education at Calcutta and 
graduated in tq2i from Benares Hindu Universitv. 
The stimulating influences of Prof B. Salmi, E.R.S., 
and Prof. Inamdar added encouragement to his 
interest in plant life and other natural objects and he 
took up botany for his post-graduate studies. Work- 
ing under the renowned plant physiologist Prof V. V. 
'Blackman, F.R.S., at Cambridge he obtained , the • 

ir 


^I.Sc. degree of Cambridge University from 
Trinity College. 


Returning from Cambridge he joined the Uni- 
versity of Allahabail as reader in botany* where he 
has initiated plant jdiysiological researches. Later, 
he proccede<l to Euroi)^, trn)k the vState doctorate 
(Ires honourable) of Prance and visited some famous 
laboratories. He has been elected a fellow of the 
Indian Academy of vSgence as well as of the Mational 
Academy of Sciences. 


Ilis work is mainly concerned wilh plant respira- 
tion, and his researches have proved that light pro- 
foundly affects the rate of resiiiration of a green i>lant. 
Ho has also interestetl himself in i)hysiological 
investigations for 
the improvement 
of agricultural 
crops. N^ew mu- 
tant types of Pusa 
wheat have been 
pr<Kluced by e-\- 
posure to X-rays. 

It has been 
shown that appli- 
cation of molasses 
to the soil results 
not only in an 
increase of soil 
nitrogen but also 
in the nitrogen 
content pf the 
plant and its car- 
bohydrate * and 
chloVophyll con- 
tents ; yield is 
also greatly in- 
creased. By administering suitable concentrqtion of 
ethylene gas in the lalx'jratpry he has been able to 
pi'cKluce tile black-tip disease in healthy fruits just 
as is common in the plant near brick-kilns. 



A. SUBBA RAO 

President, Zoology Section 

Born in February t8qo, Dr Ran graduated from 
Central College, then an affiliated institution of the 
University of Madras, where he had Professors C. R. 
Xarayana Rao and M. A. Sanipathkumaran as his 
teachers. After graduation he worked for a year in 
the entomological laboratory of ^the agricultural 
department under the guidance of Dr L. C. Coleman, 
and in 1914 he joined the staff of the zoology 
department of the Central t'ollcge. Bangalore. In 
1020 he joined the department nt zoology and com- 
parative anatomy of the Univer/ty College, London, 
and in 1922 he was awarded the M.Sc. degree for 
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his thesis on the morphology of the amphibian and 
reptilian heart. He was elected the same year to 
the Derby studentship, University College, tJni- 
versity of. London, which he held for two years. 
During this period he successfully worked out the 
devcloi)inent of the sympat\ietic' nervous system and 
suprarenal ImhIIcs in tlie bird and his researches on 
the mammalian placenta carried out under the direc- 
tion of Professors Hill and W'atson formed a valuable 
contribution to our knowledge of the subject. He 
was awarded the D.Sc. degree in 1025. 

With the .starting o{ the Medical College in 
Mysore, the (Government of Mysore ofTeicd Dr Ran 
a Damodar Pass Scholarship to (pialify himself in 
physiology. He worked under the guidance of 
Profe.ssor A. V. Hill and Dr Anrc|) for two years 
and obtained the M.Sc., degree iti physiology for 
his thesis on coronary circulation. 

(bi his return to India, Dr Ran was appointed 
to the chair of physiology in the University Medical 
College, then in Bangalore. He was actively 
engaged in teaching physiology to students of 
medicine *and most of his time was occupied in 
organising imd building up the departnieiit. He 
hf)wever sustained his living interest in zoology by 
his researches into the anatomy and embryology of 
f.oris lydekkerianus and published a scries of papers 
in the Journal of the University of Mysore. Tn 1933 

he was elected 
to one of the 
threo British 
Empire IJniver- 
sitVes Carnegie 
fellowship ’ and 
as a fellow of 
the Pbundation 
he went again 
to T^ondon to 
ac( plaint him- 
self with mo- 
dern develop- 
ment and ad- • 
vances in his 
subject. Dr 
Ran is at pre- 
.sent professor 
of zoology at 
Central College, 
Bangalore where 
he was transferred in 1937 after Prof. C. R. Narayan 
Rao*s retirement. In 1935 Dr Rau gave Sir S. 
vSubramanaya Iyer Memorial Lecture of the Univer- 
sity of Madras. 

Ih: Rau is secretary of the Indian Academy of 
vScience and is a^ociated with several scientific 
organisation^^ of the Mysore State. 


Y. RAMCHANDRA RAO 

President, Entomology Section • 

Born in September, 1885, Mr. Y. Ramchandra 
Rao was educated at Madura and Madras, having 

obtained ife.A. 
degree in zoo- 
1 o g y in IQ07 
from Madras Pre- 
sidency College. 
After his gradua- 
tion in 1Q03 he 
joined the Ma- 
dras Agricultural 
Department in 
January, igo6 as 
entoiuolo gf i 0 a 1 
assistant. After 
a preliminary 
training under 
Prof. Maxwell 
Lefroy at Pusa, 
he was engaged 
in a systematic 
survey of the 
crop pests of the 
Madras Presi- 
dency and was 
in charge of the 
insectary at the Agricultural Research Institute at 
Coimbatore from 1913 to xqi6. From N,oveml)er. 
rgr6 to March, 1910 he was on special duty under 
the imperial entomologist, Pusa, for studying the 
indigenous insect pests of J. an tana in India atul 
Burma. 

From Octolx^r, 1910 to December, 1920 Mr Rao 
was on deputation under the (Government of Iraq to 
organize work in agricultural entomology in that 
country. He was appointed government entomo- 
logist in Madras in 1928. He was specially deputed 
for the locust research scheme under the Imperial 
Council of Agricultural Research and was locust 
research entomologist at Karachi till the termination 
of the scheme in March, 1939. 

He attended the third International Locust Con- 
ference, London in September 1934 as a delegate 
representing India. He was awarded the title of 
'Rao Bahadur' in January 1936, following 'Rao 
Sahib* in 1920. 


T. C. DAS 

President, Anthropology Section 

Born in January, 1898, Mr. T. C. Das receive<[ 
his early education at Tangail and Rajshahi.*’ He took 
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his M.A. degree in ancient Indian history and 
culture from Calcutta University and was one of the 
first batch of stu- 
dents who received 
academic training 
in anthropology in 
India. In July 
1921 he joined the 
then newly created 
department’ of an- 
thropology of the 
University of Cal- 
cutta as a research 
scholar and is now 
the senior lecturer 
in social anthropo- 
logy. He has made 
a study of some 
of the aboriginal 
tribes of India and has condiicled lield-work among 
a large number of lril)es inhabiting the uplands ot 
Chota iVagpur, the hinterland of Orissa and the Iiido- 
Hurinese l)order. Mr Has has two monographs on 
ChoUi Nagpur tribes. 

A. C. UKIL 

* 

President, Medical and Veterinary Research Section 
Ur A. C. Ukil graduated in medicine from 
Calcutta University in loi.]. He was awarded Ghosh 

travelling fel- 

lowship for i92g- 
30 and was the 
r e c i i e 11 t of 
Coates medal in 
1935, He was for, 
some time a pro- 
fessor of bacterio- 
logy at the Na- 
tional Medical 
Institute, Cal- 

cutta. lie is at 
]>resent head of 
the * Tuberculosis 
IiKiuiry, Indian 
Research Fund 
Association and. 


head of the department of chest diseases, Medical 
College Hospitals, Calcutta, in lx)th of which capa- 
cities he has been all along a honorary worker. He 
is a member of the vSociety of Tropical' Pathology, 
Paris ; fellow of ,the Royal vSanitary Institute, 
I^ondon ; fellow of the Ro)’al Society of Tropical 
Medicine and Hygiene, London ; fellow of the State 
Medical Faculty of Bengal {honoris causa) ; fellow 
of the National Institute of Sciences of India ; and 
is secretary, Indian Committee, International Associa- 
tion of Microbiologists. 

K. RAMIAH 

President, Agriculture Section 

Mr k’amiah .after a brilliant career at the Agri- 
cultural College, Coimbatore, joined the Madras 
Agricultural I.)ei)artment as a research assistant to 
the economic botanist in 1914. Tie was clo.seIy 
associated with 
F. R. Parnell, 
the then econo- 
mic botanist 
who started 
work on rice 
and he hasiliad 

I 

a large share in 
the later ex- 
l)ansion of this 
w'ork when he 
succeeded Par- 
nell. The pre- 
sent premier 
l^osition of rice 
research in 
Madras is, in no small measure, due to the work of 
Ramiah himself. During his long association with 
rice research (1914-1927), except for a break of two 
years when he was away in Cambridge, England, on 
deputation, a large number of scientific publications 
on rice genetics and a poi)ular handbook on rice 
stand to his credit. The spread of improved strains 
evolved by him in several parU of Madras has re- 
sulted in considerable material benefit to the rice 
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growers of the province. He was awarded M. B. K. 
in 1938. 

Since April 1937 he is on deputation working 
under the Indian Central Cotton Coniniittee as its 
geneticist and Ixjtanist at .the ' Institute of Plant 
Industry, Indore. He represented India recently 
at the Seventh International Genetics Congress held 
in lulinhiirgh in August, 1939* 

B. B. DIKSHIT 

President, Physiology Section 

Born at Ainraoti, Rerar, in 190:2, Dr B. B. 
Dikshit graduated from Grant Medical College, 

B o ni b a y, in 
1924. In 1026 
he obtained his 
D.P.H. from 
t h e Calcutta 
School of Tro- 
jjical Mctlieine 
where he later 
worked as a 
gover, n m e n t 
scholar on indi- 
geiious drugs in 
the department 
of pharniaco- 
logy. In 1929 
he wvis appoint- 
ed profes,sor of 
pharmacolo g y, 
Medical Col- 
lege, Vizagapa- 
tani. He proceeded to Edinburgh in ig32*an4 p^ed 
the M.R.C.P. examination and later obtained 
Ph.D. of the University. At Edinburgh he served for 
some time as assistant to professor of pharma- 
cology. In 1935 he came over to India as a pharma- 
cologist in the Medical Research Department of the 
<loverninent of India. At present he is the officcr- 
in-charge of the department of phaniiacology, 
Ilaffkine Institute, l^nibay. 


I. LATIF 

President, Psychology and Educational Section 

Dr I. Latif took his M.A. degree in philosophy 
and while acting as a professor of philosophy ^nd 
psychology he specialised in experimental psycho- 
logy. After eight years* teaching he proceeded 
abroad and studied under Dr E. B. Holt and Dr 
11 . S. Dangfeld at the University of Princeton, N. J., 
in the United Slates of America where 'he received 
his doctorate in psychology. He also worked as a 

part-time lec- 
turer in the 
department of 
psychology in 
the University 
of Princeton for 
one academic 
year. 

His main re- 
search work has 
been on linguis- 
tic develoi)- 
nient, cerlain 
types o[ clinical 
studies and va- 
rious ast)ects of 
eilucalioual psychology. At present he is the head 
c)f the dei)artmeiit of philosoi)hy and psychology of 
I'oriiiaii Christian College, Lahore and the director 
of the Child and Youth Guiilauce Clinic there. 

C. C. INGLIS 

President, Engineering Section 

Mr. C. C. Inglis, was educated at Shrewsbury 
and Irinity College, Dublin. Posted in 1906 to the 
Jamrao Canal, the most modern Canal in Sind, he 
worked under the late Sir Frederick Gebbie, who 
later became consulting engineer to the Government 
of India. In rgir, he was transferred to the New 
Godavari Canals to introduce Sind methods of irri- 
gation in the Deccan, and after one and a half years 
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l;)ecame executive engineer, Poona Irrigation Division, 
in charge of the Nira and Mutha Canals and Poona 
Water Supply. Here he undertook the work of co- 
ordination of agricultural requirements and irriga- 
tipn limitations. Canals were soil surveyed and sugar 
cane blocks Nvere divided into i acre units on tho 
Nira I/eft Bank Canal, so that a known discharge 
could be given to known areas. Subsequently, 
unitisation was also introduced on Godavari and, 
eventually, dn all canals. 

A strong advocate of the necessity of encourag- 
ing sugar factories, even when the only factory was 
in financial straits, he, in the face of strong opposi- 
tion, was responsible for selecting suitable areas for 
companies, and by foreseeing the need of factories 
for seed of the new Java varieties and planting con- 
siderable areas of these for seed, aided the companies 
when they were starting to expand. There are now 
many sugar companies and the whole siq^ply of the 
canals is being fully utilised. 

At his recommendation a research division 
was stinctioned at Poona from June 19 j 6 and he 
was placed in charge. This in later years has served 
as a nucleus of the present Central Hydrodynamic 
Research Station, which is stationed at Khadakvasla, 
II miles from Poona. The Station has solved many 
of the waterway difficulties, particularly with re- 
gard to the eonstmction of bridges and aiiicuts. 


Kroiii 1927 onwards he worked as superintending 
engineer successively of Irrigation Development and 

Research Circle 
and. of Deccan 
Irrigation Circle. 
In 1937 he was 
appointed to his 
present office of 
director of Cen- 
tral Irrigation 
and Hydrodyna- 
111 i c Research. 
1' h o u g h i n 
charge of re- 
search continu- 
ously from 1916, 
he has mainly concentrated on co-ordination and 
practical application of various lines of research of 
his own and other departments. 

In addition to the Station work, Mr Inglis has 
Ixicu dealing with many problems acting in an 
advisory capacity and is a member of the Orissa 
h'lood Advisory Committee, lie was on deputation in 
America in 19.ii and 1939 and in Germany in 1929. 
He is author of many papers oil land drainage, re- 
clamation^ irrigation, river training and allied 
sftbjects. 
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Mathematics and Statistics 

Functional Analysis and Mathematical Physics 

M. Raziuddin Siddiqi 


VERY important i)roblem of mathematical 

physics is the unification of various theories 
connected with the different branches of this vScicncc. 
The task demands the creation of very powerful 
tools of mathematical analysis. Such tools have been 
developed since the bcp^iiininf? of the present century, 
and consist of the various topics in functional 
analysis. 

$ 

The considerations of Abel and I/iouville in the 
early part of the rgth century ^avc rise to a vast 
number of inversion formulae for definite integrals 
which were later called 'Tntcj^ral Equations**. 
Volterra, Ercdholm and Hilbert developed since 
TQoo an extensive theory not only of the solution of 
integral equations, but also of the eigenvalues and 
of the Fouricr-expansion in scries of eigenfunctions 
as well as that of application to mathematical and 
physical problems. Integral equations have now 
become indispensable in many theories in gcometrv, 
analysis and the whole domain of mathematical 
physics. The nnxlcrn theories of ordinary and 
jiartial differential equations cannot be conceived 
without the theory of integral equations. Direct 
applications of this theorv, without the mediation of 
differential equations have Ik'cii made to statistics, 
kinetic theory of gases and the theory of radiation. 

It is now recognised that evolution is not only 
of the non-hereditary character dealt with in classical 
mechanics and physics. These classical theories 
were based on the principle that the present state of 
a system determines all its future stales. This 
determinism-* is a consequence of the conception that 
each action manifests itself only at the instant when 
it takes place, and leaves no heritage. This? is the 
same thing as the assumption that the system docs 
not conserve the memory of those actions which 
have affected it in the past. Rut all the phenomena 
of nature are not really produced in this way. There 
are a liumber of evolutionary phenomena in which 


heredity and memory play an essential role, and to 
which the theory of differential etpiations cannot lx: 
api)lied. The analysis proper to .such phenomena 
is that of inlegro-differcntial eciuatioiis. 

When the theory of linear integral equations 
was built up in close analogy with a* system of 
linear algebraic equations, it was natural to cnciuire 
whether the considerations could not be cxtetided to 
tion-linear integral etpiations. f5uch extensions have 
been made for solutions *‘ini-Klcincn** as well as 
'b’ni-grossen**, and Eevi-Civita’s problem of the pro- 
pagation of 2 -dimensional surface waves of finite 
amplitude, Carleman*s problem of the theory of 
heat radiation, the inversion problem in the theory 
of functionals, the equilibrium figures of rotating 
fluids, the Tlynamics of incoherent gravitating media, 
etc., can only lx? treat.?d with the help of non-linear 
integral and integro-differential e<iuations. 

For the further development of functional 
analysis the introduction df the T>nnciple of passing 
from finite to infinite into the theory of determinants 
was of considerable significance. This made it 
possible to build up a theory of infinite .systems (>f 
algebraic c(|uations in com]dctc analogy with the 
theorv of finite? systems. Thus originated the idea 
of functions of an infinite number of variables. 
Hilbert developed a jiysteinatic theory of infinite 
linear, bilinear and quadratic forms, and deduced 
from this the whole theory of sohition and the theory 
of eigenvalues of integral equations. Hil1)ert*s 
theory of infinite bilinear and qiijidratic forms pro- 
vided also a very powerful metluxl for the treatment 
of boundary value problems for ordinary and partial 
differential equations. A theory of infinite matrices 
and of principal-axes transformations was also 
developed which supplied the .mathematical founda- 
tions for modern quantum me/nanics. The geometry 
of Hilbertian space has Ix'cn applied to formulate 
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the generalised absolute differential calculus which, 
includes Ricci’s tensor calculus as a particular case. 

Apart froiii inatheiiiatics, functions of infinitely 
many varial^les have an important bearing on natural 
philosophy. If we consider a nheiiomenon as the 
effect of a finite numl)er of ’causes, we are making 
only an abstraction because we are neglecting 
elements which are supposed to be very small com- 
pared to others which are taken to be preponderant. 

In this way we make only an approximative study 
of the phenomenon, for a full and complete study of 
which it would be necessary to pass from a finite to 
an infinite number of variables. 

From a consideration of the variation problems, 
Volterra was led to ‘functions of lines* which are 
now called— “functionals’*. Functional analysis has 
developed along various lines corresponding to those 
of the theory of ordinary functions. It has ])ene- 
trated deeply into the various branches of -pure and 
api)lied mathematics. Kverything concerning inte- 
gral and integro-differential e(iuations, investigations 
on functional spaces, the calculus of variations with 
its diverse applications in mathematical physics, 
(piestions involving effects of hereditary type — all 
these different subjects have now Ixien unified in one 
general theory of functionals. Moreover, the func- 
tional method gives us a ready criterion for 
examining whether the various expressions for 
natural laws are in an invariant form agreeing with 
modern relativistic conceptions. 

Recently, a general analysis has lx*ei3 developed 
in which the concrete variables of the infinitesimal 
calculus have been discarded, and relations are 
studied between two clcmctits of any nature what- 
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soever. This new analysis proceeds by making an 
abstraction of all those concepts which are common 
to several known and allied theories. These are 
then generalised by removing from them any 
particular properties that are related to the concrete 
elements on which they arc based. This has gifen 
ri.se to the general theory of “functional operators** 
which has now become an essential part of many of 
the most important domains of mathematics. In it 
we see the methods of classical mathematics blending 
harmoniously with tho.se of moilerii mathematics, 
bringing about a certain unity in different branches 
siifliciently remote from each other. A really pro- 
found insight into many important branches of 
inatheniatics such as the theory of fuiiclions, integral 
and integro-differential eciuations, calculus of varia- 
tions, theory of sets, topology and theory of dimen- 
sions is possible only with the help of functional 
ofxrators. 

Modern Iheoi ies of jdiysic.s make much use of 
the operator calculus. Thus, apart from classical 
mechanics and electro-dynamics, the subject of 
quantum inecbanics in its modern develoinncnts is 
based entirely on the theory of linear operators. 
This thei>ry plays the same part in c|uantum mecha- 
nics as tensor analysis [days in relativity mechanics. 
Quite recently the (lualcriiionic operators have been 
apjdicd to relativistic (luanlum inecbanics. 

iFuuotional analysis has developed extensively 
during the last few years, and has penetrated deeply 
into mathematics, mechanics, mathematical phy.sics, 
statistics, biology and sociology. It is one of the 
most jKJwerful tools of research in contemporary 
mathematics. 



Chemistry 

Psysico-Chemical Studies of (iels 

» 

Mata Prasad 


rpuE address sives an account of the various 

propci*ties 'exhibited ])y several tyiies of j^els and 
of the theories whic^ deal with their mode of forma- 
tion and their structure. In India most of the work 
on the subject has been done at the Royal Institute 
of Science, Hombay, and at the University of 
Allahabad. Prasad and co-workers have i)repared a 
number of gels in a tran.sparent state and have made 
a systematic study of their time of setting and the 
changes in the viscosity and the optical i)roperties 
during the process of gelation. This study has 
contributed a good deal to the elucidation of the 
mechanism of the formation of gels. A new 
ai)paratus has been devised at the Institute to measure 
directly the changes in opacity taking place in gel- 
forming systems during the process of setting. 

The earlier part of the nddre.ss is devoted to a 
discussion of tlie terminology and the classification 
of gels into organic, inorgano-organic and inorganic, 
and the reversil>le traiisforniatiou into sol which some 
gels lyidergo on changes of temperature or on 
account of mechanical action (thixotropy), or 
freezing (cryotropy) or desiccation. 

Time of setting is the main property which 
characterizes an inorganic and s^.)me inorgano-organic 
gels. It is very sensitive to small clianges of condi- 
tions of preparation, such as that of concentration, 
pH, ‘and temperature and that of the addition of any 
extra substance, either an electrolyte or a iion- 
electroyte. The setting of gels follows the laws of 
ordinary chemical reactions and the time of setting 
measures the time when a certain stage in the procesii 
of gelation is reached. This conception permits the 
application of Arrhenius's equation in the calculation 
of the heat of activation of setting. 

Suggestions have been made with respect to the 
definition of the time of setting in the case of oi'ganic 
gels. Some measurements made according to the 
definition have shown that Arrhenius's equation is 
applicable to. these gels as well. 

The character of thixotropic gels can also Ixj 
studied by the determination of the time of setting. 
However, the determination of the ’coefficient of 


thixotro])y has Ikx*u made by Ooodevc and W’hile- 
lield by the ineasiiiemeiit of Ihe viscous behaviour of 
these gels. 

The microscopic and ultra-microscopic examina- 
tions of nu)st gels have revealed that lliey are 
o])tically empty but consideralde infoniiation regard- 
ing their struclnre has l)een obtained by a systematic 
study of their elasticity, viscosity and optical pro- 
perties and the phenomena of syneresis, sorption and 
desorption and difinsitm. These studies have led to 
the conchision that gels are diphasic sysUans con- 
sisting of a liquid and a solid phase, both phases 
being continuous. Tlie liciuid phase isj»robably a 
solution of the gel-forming substance in the <li.sper- 
sion medimn ; the solid phase is highly .solvated with 
the licpiid phase and forms fibrous structure which 
encloses the lupiid in its pores. The lH|uid phases 
which sfdvale the solid and that which fills the 
interstices of the fil)rils have been, respectively, con- 
sidered as fixed and free. 

The .forces w'hich bind the fil n ils together are of 
the nature of residual aifiniiies and they coiitimie to 
act even Rftcr the gel is set. Tlie exudation of 
liquid in synervsis and, de.sorption, the sorj)ti»)n and 
imbibition of licjuids, vajioiirs and gases by gels and 
diffn.sion of licpiids through gels take place through 
the capillaries of the fibrils which have been found 
to be distributed at an interval of loo niillimicrfuis 
in the body of gels. The micelles which go to make 
tip the threads are aiiisomctric and non-spherical and 
are regularly orientated in thixotropic gels. 

Poole has recently developed the mathematical 
theory for the behaviour under sIrcSs of a strnctnre 
composed of a mesh of cylindrical threads and has 
found that the experynental elasticily-temperatnre- 
concentration curves are aviproximalely in (piantila- 
tive agreement with the theory. 

The address concludes with the remarks, “Thus 
the fibrillar theory explains most of the properties of 
several gels and has conseciueiitly received the 
adherence of most workers on the subject. How- 
ever it cannot lx* assumed prima facie that all gels 
have the same architecture*'. 



Botany 

.The Respiration of Plants in Light 

SfiRi Ranjan 


JN tlic* case of noii-grccii leaves of croloii coiiiaiti- 
ing caroliiioid ])igiiicnts and the flowers of 
Bougainvillea and Ncrium, their respiration rate in 
light appreciably increases. The respiration rate of 
a green leaf also increases in light but due to photo- 
synthesis the respiration rate is afTccled. Therefore 
to find out the true rale of resjiiration of a green 
leaf in light one should study the dark respiration 
after a period of illuniiiiation. 'J'he respiration rate 
of this dark period at first increases up to a point 
and then decreases. If this falling curve is« produced 
backwards to the point when light was cut off or 
to the zero hour of darkness, then the respiration 
curve of dirrkness will show an L shaped fall. The 
high point touched at the zero hour of darkness is 
the respiration rate in light while in darkness the 
resiiiration rate steadily falls off. This steadily 
falling off of res|)iration curve is similar to the 
“floating respiration” of lllackinan which is nothing 
else but the “after effect” of light. The following 
sidieiiie for light respiration is suggested. 


IlYDROr.YSIS ' 

CarlM)hydrates > n(f ilucose). 

Primary Reaction (photochemical or thermal) 

2 Glucose -1 hv — r-> Glucose' H- glucose. 

Scco 7 idary Reaction (Ihcrmnl) 

Glucose' + b!n . >• 2 C.JTcO., + q 

2 Glucose Im/ (ilucose' l glucose. 

Gluco.se' + I {n . > 2 C3 H ..G;, + q 

N. B. Kn = Knzyine. 

q = hv — the difference of the energy 
between CJIiaO,. and CgHiiO*. 
hv — is the photonic energy (h is Planck's 
constant, v the frequency of light). 

The above scheme of reactions suggests at least 
two reactions involved in respiration. 

(i) The primary reaction which is L)oth thermal 
and photochemical aVd (2) secondary reaction which 


is purely thermal. Further support is given to the 
above scheme of reactions by the work oiidhe tempe- 
rature effect upon respiration iq light. It has lH?en 
found that in the case of Kugeiiia leaves — which is 
a tropical plant the maximum rise in the respira- 
tion rate in light is at 27°C. 'I'his increase decreases 
with higher or lower temperatures. Now, according 
to the alx>ve scheme, let us suppose that in the chain 
of reactions A— the Tst reaction /.c., A to 
H is photochemical and H to C chemical. The rate 
of H to C will depend upon the rate A to 11 . 

fn dark at 2o®C both A to B and B to C arq 
slow and the rate of rcspiratioTi is conscTpiently slow. 
If light is given A to B gets accelerated while B to 
C remains slow, 'riius the reaction is limited by the 
rate of B to C. 

At 27®C the rate of respiration augments in light 
because B to C is no longer limiting. 

Now as the activation of the reacting metabolites 
in the primary process can be brought abowt both 
by light and tenipiTature, then if the temi)erature is 
greatly in excess a large nund)er of molecules will 
already be in an activated state and with light the 
increase in activation will be pro])orti()natoly less. 
Thus the increase in resi)iration proportionately 
decreases in light beyond 27°C. 

The increase of the primary process or the in- 
crease of resi)iralion in light will only take place, 
if the respiring organ is coloured. Colourless plants 
like fungi or the roots of jdants show no increase in 
re.spiration in light, for the .simple reason that light 
of the necessary freciiieiicv is not absorbed. 

On this scheme the falling respiration curve of 
leaves which is called the floating respiration by 
Blackman is really the ‘after effect’ of light. Bccau.se 
the energy q given out in the reaction is enough to 
activate a second molecule of sugar and light energy 
after the first reaction, the value of JPe will not be 
rc(iiiired. Theoretically the reaction once commenced 
in light should go on at the enhanced rate in dark- 
ness, but due to the gradual dissipation of energy q 
the re.spiration in darkness comes down to a slower 
rate. 



Entomology 

Some Observations on the Periodicity of 
Locust Invasion in India 

Y. Ramcuandra Rao 


LL the ]x.*yinning of the nineteenth centiny 
there were no tlellnite records of locust infestation 
in India, and Cotes (iSgi) has collected much of 
the available iiifoiiiiation from iSoo to i86g. From 
i86g fairly definite information is on record. The 
outbreak of the desert hxMist of is very fresh 

in memory. It occurred simultaneously over large 
areas of south-western Asia and north and central 
Africa. In the African area, two other l<x!usls 
the Tropical Migratory lyocust (l.ocusla migratoria 
mij^raiorioidcs' \i. t\’ F.) and the Red bocust {Soma- 
dacris septcrnfascinta Serv.) were also active, over 
very large ai'eas. 


vSoMiC Ol? Tine IMIX>RTANT l.OCUSTS OK TllK WoKlJ) 

There are several species of IcxMists in the world, 
one of the most well-known of which is the Migra- 
tory bocust. This locust has developed into distinct 
races adapted to dilTereiit types of country, 'i'he 
luiropean form is ada])ted to a cold climate, while 
the Tro])ical Migratory locust and the. Malagasy 
locust are both suiteil to tropical conditions. The 
race found in Die Philippines, China and Malay 
Archipelago is the Fast Asian form, while the one 
found in India is only exceptionally found in the 
gregarious condition . 

The Desert bocust (Schisloc( rca ^rej^aria Forsk.) 
is the locust of the Bible and is the most important 
one ill North Africa and South-west Asia. Other 
locusts of major status are the Bomliay bocust of 
Deccan, the Rpd Tyocust of Africa, the Brown JyOcn.st 
of South Africa, and the Moroccan and Italian 
locusts of the Mediterranean region. .Australia is 
subject to the periodical outbreaks of two grass- 
hoppers (Chortoiceics and Austroicctcs).^ In South 
and Central America, and in Mexico, the South 
Atnejneau Locust {Schi^ftoccrcn paranensia Bunn.) 
IS the dominant species. • 


Of these locusts, a good many have only one 
brood in the year, of which some, like the Bombay 
bocust, the Red boeusl and the South American 
bocust, pass the greater part of the year in the 
adult stage, while in «)ther hpeeies, such as tlie 
European* the Moroccan and the Italian bociisls, 
their eggs lie in a (iiiiesceiit enmlition in the soil 

during the greater i)ait of aiituniii and winter. 

• 

In all these eases, an increase in numbers is 
usually gradual and is dependent on a sneeessioii of 
favourable yeais. On the other hand, in the ease of 
the Desert bocust, the Tropical Migratory bocust, 
the Brown bocust and Cliorioia tes of Australia, the 
egg stage is sluji't and normally two or more broods 
may be produced in a year. These species are most 
dangerous, from the i)oint of view of swarming, as 
they are (dde to i»ass through successive broods 
ciLiickly, ani, in case conditions are favourable for 
con(*eiitrated breeding, .also to form the incipient 
swarms rapidly. 


I^KKIODICn V ol-' boCUvST Outukicaks 

III the case nf tile three sjjecies of locusts found 
in India, the Migratory bocust very rarely forms 
swarms. An instance of heavy infestalinii in 1878 
in tile soiitheru ilistiiels of India is *011 record, and 
recently an oiillireak was reported in i(>A 7 in the 
Rajpntana-Kalliiawar arei^i. Except for these cases, 
it is usually found in the solitary i>hase. ^I'he Boinbjiy 
bocust is endemic in the areas of the Western (lhats, 
and usually visits the neighhonring districts of 
Bomlray, but in years of heavy infestation its swarms 
may invade districts of the United Piovince.s, 
Central India, the Central Provinces, Bihar, Hydera- 
bad and northern Madras in addition to Bombay and 
(lujarat. Sw^aniiing is known to have occurred in 
1864-66, 1878-84 and yr)r.<)S. The Desert 
bocust is the locusi par c.xcrllcfcc of India not only 
by the fre(iueiicy of its visitations, but also by the 
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extent and severity of its attacks. It is usually con-* 
fined to the north-western parts of India, but at the 
height of its outbreaks its swarms may reach as far 
east as Assam and as far south as the north of Madras. 


Periodicity of the Desert Locust in India 

Only scraps of informatioil are available for the 
period from 1800 to i860. Destructive activities of 
swarms on record refer to the years : — 1803 ; 
1810-13 ; 1821 ; 1826 ; 1833-34 and 1843-45. Locusts 
are known to have invaded Egypt in 1855, but there 
are no data for India at this time. Between i860 
and 1940, the fr)llowing were the periods of Icxrust 
incidence: — 1S60-66 ; 1869-73 ; 1876-81; 1889-98; 

1900-07 ; 1912-19 ; and 1926-31. There were thus 
locust cycles of 5 to 9 years each, with only short 
swarm-free intervals 1 to 4 years each, (except in 
3 cases where they lasted 6, 7 and S years). 

Till careful observations were made during the 
recent interval of 1932-39, there was little informa- 
tion as to what was happening to locusts during the 
l>eriod when swarms dis^ippeared. These investiga- 
tions have sliown that locusts continue to exist 
during such periods in a non-gregarious form, dis- 
tributed among the .scrub vegetation of deserts in 
small numlxjrs. The solitary locust reacts to changes 
in the weather in much the same way as the 
gregaria locust, and similarly has two broods in the 
year, — first in the spring months in the winter 
brood areas, whence the new generation migrates at 
the beginning of summer inj:o the .sumnier-rain Areas 
of the Rajputaiia desert, and breeds in the monsoon 
months. 'I'lie new generation produced here migrates 
in autumn into the wiuter-rain areas, where breeding 
occurs in the spring of, the following year. It was 
also observed that the .solitary locusts dre able to 
transform into the gregaria swarms whenever, in the 
wake of favourable rainfall, two consecutive broods 
are rapidly produced, and crow^ded breeding is ^ 
brought about under conditions of concentration. 


General Course of a Locust Cycle in India 

A close .study of the data of the la.st outbreak 
shows that the activities of .swarms may be classified 
under (i) over- wintering, (2) .spring-breeding and 
(3) summer-breeding. 

(i) During the winter months, swarms become 
.scattered among the vegetation in areas where they 
happen to be presclut at the onset of winter. Over- 
wintering usually occurs in the southern parts of 
Mekran. in />ind, in Kachhi and in south Punjab. 


(2) When spring ushers in warm weather, they 
become active again and in case of good winter rain- 
fall, may begin to breed. In March, a general 
migration of swarms northwards into the mountain 
valleys of Baluchistan commences. The swyms 
gradually work their way up to Chagai, Sarawan, 
Quetta-Hshin and Zhob, and ultimately into the 
North-west Frontier via Afghanistan. Breeding 
occurs in these ares in April, May and June, and the 
new brood migrates eastwards into the Punjab, Sind 
and Rajputaiia in May, June and July! Breeding 
also occurs in the Punjab in spring, whence the new 
brood moves eastwards into the United Provinces, 
Bihar and Bengal in May-June. 

(3) With the fall of monsoon showers, the 
swarms arriving from the western areas begin to 
breed in the Punjab, Sind, Rajputaiia and the United 
Provinces, wherever conditions arc favourable. In 
case gotKl rainfall is received in August-Scptenibcr, 
a second generation may he produced ; otherwise, 
there is only one brood. With the withdrawal of 
the monsex)!! current. North-west India fespecially 
the desert area) becomes an area of ^ drought in 
Septeinber-October, and swarms produced here tend 
to leave the area either eastwards into United Pro- 
vinces, Bihar and Bengal, or southwards into Gujarat 
and Bombay or westwards into vSind and Baluchistan, 
according to prevailing winds. It is, however, only 
those that reach the Baluchistan and Iran aVeas that 
can breed again in spring ; others die away 
ultimately. 

Reviewing the actual sequence of events in the 
1926-31 cycle, it is seen that the absence of west- 
ward migration in the autumn of 1928 as well as a 
partial drought in the spring of 1929 in Mekran 
might have resulted in a break-down of the infesta- 
tion, had it u t been for the influx of swarms of 
Arabian and Persian origin in April-May and their 
breeding in parts of Upper Baluchistan. The new 
generation migrated into Sind, the Punjab and 
Rajputana and gave rise to heavy multiplication in 
the monsoon period. Pronounced west-bound migra- 
tion in autumn (1929) was followed by intense 
breeding in tlie Mekran area in the spring of 1930, 
which marked the peak of the outbreak. P'ailure 
of rain in August and September caused an early 
cessation of breeding in the desert, ahd most of the 
swarms migrated east and south. There was very 
little of westward movement in autumn (1930). 
Light breeding in spring 1931 and only partial 
multiplication in summer, followed by winter drought, 
ill 'Mekran in 1932, brought the cycle to d close. 



Origin of nsw Qyqixs of Locust Infestation 

Observations made in 1935 showed that large 
outbreak centres were produced in late spring in the 
hinterland of Mekran and that the new brood migrated 
iif July into the desert area, where, however, owing 
to deficient rainfall in August, swarm production 
did not occur. • 

In 1926, on the other hand, owing to well-dis- 
tributed rainfall in the monsoon months, heavy 
multiplicatioif occurred in the desert, especially in 
the south, and reaulted in the production of large 
swarms, which brought the 1926-31 cycle into exis- 
tence. In the case of the present outbreak (1940), 
multiplication commenced as early as last spring 
(19,^9) i« Mekran in the wake of very favouralile 
winter rainfall, but owing to tlie initial population 
being low, the increase in numbers was, apparently, 
not noteworthy, and as the monsoon in the desert 
areas was almost a failure the monsoon brood was also 
poor. The winter-spring rainfall of 1940 in Mekran 
was fairly good, but so far as observed did not result 
in any. remarkable breeding. The initial numbers of 
locusts found in summer in the desert was fairly 
high and' imssessed rather high phase ratios. It is 
also presumed that they became concentrated in the 
patchy vegetation caused by the previous yearns 
drought. Crowded breeding ensued especially after 
the heavy showers of August and caused the re- 
appearance of swanns after about 8 years. 


IMIXIRTANCK OF CHKCKING TIIK IniTIAI, OuTBKHVKS 

In India danger points lie in British and Iranian 
Mekran in regard to spring breeding, and in the 


Indian desert areas in respect of summer breeding. 
At present, however, no co-oi)eration has yet been 
secured between Iran and India in regard to the 
watching of the oull.)reak areas in the west. For 
want of funds, it was not possible to check the 
incipient swarms 'that, were detected in the Indian 
desert areas. Though swarms have re-appeared this 
autumn, it is hoped that by necessary control mea- 
sures, further infestation may be checked. 


SlJNSFOTS AND L(X:UST CyCI.US 

Various authors, such as vSw inton, Criddle, 
Uichanco and kiohmuiid have traced the fluctuation 
in the numbers of locusts and grasshoppers to 
variations in the numbers of sunspots .and have found 
an invefvSe correlation between them. The multipli- 
cation of locusts and grasshoppers is apparently 
highest, when the siinsi)ots are at the inininuim. 


Nkki) of further rkskarcii on Lociots in India 

To check future infestations the initial out- 
breaks should be detected and checked in time. To 
achieve this object, it is necessary that the organiza- 
tion designed to undertake this work should be 
e(|iiipi)cd with ade(iuate staff and funds, and all 
expense incurred by the Oovenmieiit would, after 
all, be a sort of crop insurance for the Indian ryot. 

It is^also necessary a stimulus should be given 
for the initiation of more investigations in these 
matters now that swai*tns have re-appeared, and more 
than all, there is a need for the assurance of a con- 
tinuity of su])tK)rt even after the swarm vanish. 



Anthropology 

Cultural Anthropology in the Service of 
the Individual and the Nation 


T. c 


A NTllR()l*OL,(XiY is cotiiiiioiily believed to be a 
border-line science which has practically no 
a|)plicalion. This iiiisconceptioii is due partly to 
lack of knowlcdj^e (jf the scope of and recent 
advances in anthropology on the part of the ordinary 
man and jiartly to the anthrojHdogists themselves 
who have in the past laid to() much emphasis on the 
historical side of the subject. Jiul recent trends in 
both physical and cultural anthropology show a 
definite change in the angle of vision and the study 
of the iiresenl is seriously replacing that of the past. 

Cultural anthropology is the direct prinluct of 
contact between iMiropean nations and the coloured 
people of the earth. The early traders, soldiers, 
missionaries, planters and administrators reipiired 
knowledge of the alien people among whom they 
were placed and they recorded the manners, customs, 
licliefs and superstitions of these people if. order to 
understand them properly. Cultural anthropology 
is baseil on these observations of the practical men. 


Pr.ACK or ANTiiRoroi.oi'.v in I'kadk, Industry 

AND A(iRlCin,TURK 

Trade, industry and agriculture are the three 
most important institutions of iiKKlern man. In 
finding a market^ as well as in keeping it, when 
found, the trader has to learn the habits, ways, 
predilections and prejudices of the people among 
whom his business lies. Many' of our local industries 
have paid dearly for negligence in taking into 
account the needs of the peoiile, their tastes 
and purchasing ca[)acity. I'hc lac ornaments of 
Cliota Nagpur have practically disappeared with 
Japanese imports. Brass and hell-metal industry of 
Bengal is on its last legs. Minute knowledge is 
neces.sary to note the various circumstances which 
lead to the, growth of new fashions, modifications of 
old ones and disaj^pe^l^nco of ancient ii.sages. In 
this task the services^ of the anthropologists are 


Das 


essential and the science of anthropology has an 
important part to play. * 

Besides supplying information to the trader and 
industrialist about their markets the anthropologist 
can help them in other .spheres too. McmIciti big- 
scale industries and farming employ labour mainly 
recruited from tribal people and submerged classes. 
I,alx)ur troubles are growing more and moTe acute in 
India. It is in certain cases due to the ignorance of 
the employers about the life and traditions of these 
people and coUvSeijnent iiiisymi>athetic attitude. 
There is also the lack of contact of these labourers 
with their own peojile and coiiseiiucnt absence of 
controlling agencies like the family, or clan and 
village elders who exercise a judicious check over 
individual inclinations in their homeland. • This 
aspect of the industrial problem reipiires si)ecialised 
study by the anthropologists. 

AnTHROI-DUM'.V in r,AW AND bKfUSLATK )N 

Administration of law and legislative activities 
are intimately connected with anVhroj^ological know- 
ledge. h'specially in primitive areas or places 
where the officers of law have diflereiil tradition and 
culture, aiUhroi>ological knowledge becimies impera- 
tvve. Primitive notions of life and law often differ 
diagonally from Ihose of the civilised. Thus, the 
law of limitation is unknown among many tribes of 
Assam and marriage by force is a common feature of 
tile tribal culture of Chota Nagpur and Orissa. 
Magico-religioiis concciits arc also sometimes respon- 
sible for perpetration of crimes. If these cases are 
judged strictly on the basis of civilised^ notions of 
their gravity, justice will not be dealt out fairly. 
The attpnuatin^ circumstances must be' taken into 
consideration and this leads the judge and the lawyer 
towards anthropology. Anthropological knowledge 
has pointed oiU in Africa how legislative measures 
may l)c intrcxluccd among tribal groups with the 
least disturbance of their life and culture. 
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In social legislation also results have been very 
unsatisfactory where the laws have l>c‘en hastily 
drafted without any reference to the conditions pre- 
vailing and without calculating the effect that the 
alteration of the social codes will produce. The 
census reports are officially regarded to be the 
dei)ositories of all kinds of knowledge necessjiry for 
introducing such iii^^asures. We have a number of 
such Acts on the Statute Hook which are mere dead 
laws, as for example, the Widow Remarriage Act and 
the Sarda Act. These half-heartetl measures not 
only retiud ‘future prtigress but also lull into 
(luiescence the siJirits of change and progress. 
Society is, as it were, a huge organism. If you 
strike it at any one part all the otlier jiarts feel and 
react. So, socio-religious legislation sho\dd be based 
on and guided .by the opinion of antlnopologists wht) 
alone are accpiainted with the linkage of cultural 
elements. This is eiiually true even in economic 
spheres. 


AnTIIR()P()I/)C.Y in l{l)UCA'ri()N 

Kdncatiiig the primitive is a dangerous task. In 
culture-coatacl areas it assumes even greater com- 
plexities. lulucatioTi is more ])otent than even the 
direct attacks by the State and economic factf)rs as 
it niotdds native institutions, standards of living, 
moral C(»des and inherent values. The type of edu- 
cation suitable for these people is unknown to the 
ordimrry edueatiouist and the advice of the aiithro- 
])ologist is indispensable in siich circumstances, 
besides helping to find «)nt the pr(»per type of 
education to be imparted to a primitive group 
anthropology may also assist in creating suitable 
teachers for such areas and tliis is etjually important, 
lyove and respect for the teacher is aroused in the 
student by a sympathetic attitude <»f the teacher and 
sympathy is bom of knowledge. Anthropology 
supplies this knowledge. 


ANTKRorol.OC'iV AND f^OCIATy SKRVFCK 

In recent years a number of philanthropic or 
religious missions have sprung tij) in India among 
the children of the soil. They are weak imitations 
of Kiiro])ean or American Christian Missions. 
Missionaries introduce new ideas about social beha- 
viour, political thoughts or religions beliefs and 
practices. The established order of the coii\m unity 
is attacked at different points — iwunts which are 
comparatively more vulnerable. They represent, in 
a word, disruptive forces. 'Hie less •advanced the 
community, the more exposed it is to the preachings 
of thesp missionaries. Human society is just like a 


chain of links. If you allenipl lo remove one, the 
others are also foreildy displaced. When the 
missionaries, with the best of inlenlions, try to 
introiluce an apparently beiielicial reform they un- 
consciously pull at one of these links and thereby 
the whole social , order is often upset. Thus the 
Christian missionaries’ * attempts t»> slop liridepricc 
and polygamy in Melanesia practically upset the 
order of society. Iii their /eal for conversion, the 
missions often lose' sight of their ultimate aim. 
Thus the Christian missiouares, instead of making it 
their life’s work to eari>’ the message universal 
and eternal love to the suffering humanity whicli the 
vSon of ('lod was commissioned to bring to this world, 
spend all their energy in iiidueiiig i)et)lpe to go 
through the ritual of baptism. Such conversions 
are not the effect of couvielinns but are oceasioiied 
by worldly iiiducemeiils. The cn masse conversion 
of llarijaiis in different parts of India prove the 
truth of this charge. Often again Christian 
luissioiiaHes try to introduce hairopeaii eiisloms in 
])lace ()f African or Polynesian ones. To what extent 
this system of denationalization run can be gathered 
from the fact tliat in certain parts f)f "Africa "not 
a single Arfican leader cr)iisidered it possible for 
anybody to be at once a Christian and an African”. 

h'orlunately, we hear, there is a change in the 
attitude of the missionaries. Thev have realised the 
existence of valuable traits in native euUure and are 
now Irving t(i make a synthesis of luiropean and 
local cultures through the schools and missions. 
This new attitmle demand closer co-operation with 
anlhropol()4'y. Sublimation of hieal traits needs 
careful researeli into the uatiuv of loOal iustitulious 
and beliefs whose essence is proposed 1 «) Ik‘ conserved 
in the new synthesis. Tliis, no doubt, pushes tlie 
mis.sionaries into the embrace of the anthrt^pologisls 
for help in discovering llie vital elements of culture. 
Already • the Protestant missionary societies have 
estaldishod their own nepartinent f)f Social and 
Industrial Research. 'I'lie Inteniatioiial Institute of 
African Languages and Cultures owes its origin to a 
group of missioiiarii s and their friends. Missionaries 
on furlough now atteml lectures *011 anthropology 
and already there are in the held a number of 
academically trained .'iiilliropologists in the service 
of the tliffereiit inissi»)ns. 'I'he Indian missionaries 
slumld take their lessons from their Christian 
brethren and Indian universities slumld make arrange- 
meiits for training in social seiAiee with anthro- 
pology as its basis. 

ANTnROKW.OOY AND ADMINISTRATION 

In India, out f)f a total^population of a little 
over 352 millions, according lo the last Census 
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operations, we have more than 22 millions of tribal ^ 
peui^lc, or in other words, out of every 16 persons one 
is an alK)riKinal. Both the Government of the 
country and .the educated public have at least a moral 
responsibility to ameliorate the condition of these 
22 millions of wretched souls. iThe Indian abori- 
ginal has to fi^j:ht with two*sets of exploiters — the 
forei>?ticrs and the advanced Indians. They rc<iuire 
protection from both and the Government of India 
Act 1935, has i)artially reco^jni^ed this requirement. 
There are provi.sions in this Act to sfifcRUard their 
interest. But these provisions are neither complete 
nor satisfactory. They may sto]) the direct 
approach of the advanced Indians but are absolutely 
useless against the foreign exploiters. A stupendous 
experiment in applied anthro])ology is going on in 
Africa. The establishment of indirect rule in 
different parts of Africa such as Nigeria, Anglo- 
Hgyptian Sudan, Gold Coast, Northern Rhodesia, 
Nyasaland, Cameroons, Togoland, etc., owes much 
to anthropological knowledge. The worlc of the 
fellows of the International Institute of African 
languages and Cultures as well as of the Rhodes- 
lyivingstone' Institute show the value of anthro- 
pological knowledge in practical administration. 
The Report of the former claims that “The Govern- 
ments, indeed, of some of the territories in which 
the fellows .have worked have shown themselves 
anxious to obtain their further services”. In the 
Pacific region too Dr Raymond Firth has shown one 
generation ahead how in Tikopia the “traditional 
equilibrium between population and food* supply” 
will be upset by the actions of the Government and 
the missionaries. These experiences of other lapds 
should be utilised in India. I'or this purpose, at the 
fir.st in.stance, 'a thorough anthropological survey by 


specialists is necessary. This is to be followed by 
employment of officers with anthropological training 
who will keep themselves abreast with the changes 
in the cultural make-up of the people over whom 
they are placed and thereby keep the records of the 
specialists up-to-date. As a rule all officers of Hie 
State to be employed in the tribal areas must have 
cither previous anthropological ttraining or arrange- 
ments should be made to give such training after 
appointment in or transfer to such tracts. This will 
diminish the chances of maladministration. This is 
how anthropology can be applied in 'adnlinistrative 
affars. • 


C0NCI.USION 

• 

So long our picture included mainly the primi- 
tive or the backward people. But anthropology is 
not concerned with them alone. The Functional 
School of Anthroi)ology has demonstrated without 
leaving any scope for doubt, that it can be applied 
with equal force in solving the problems of civilised 
life. Anthropology is no longer concerned with the 
savage only. 

Analysis of culture can only be uhdfjrtaken by 
trained anthropologists, who are best equii^pcd to 
do it. Questions like female emancipation, dismem- 
berment of the joint family, dying out of the artisan 
castes and decay of the middle class -to mention a 
few only — arc causing anxiety to the best minds of 
India. Each and every one of them is *a vital 
question affecting the whole social organism and 
they should not be left to amateurs and enthusiasts 
for solution but must be tackled by properly trained 
scientific men. 


Note : — With a view lu giving our readers authoritative summaries of the prcsiilential ad(lresse.s at different 
sections of Science Congress, we depend on the respective presidents. They sup| ’y advance copies of summaries of theii 
addresses to the Indian Science Congress Associalicm, who in turn distrilmtes them to the press. This time howe.ver we 
were not favoured with a<lvaiice summaries of some of the a^tlresscs. In publishing the above summaries we could not 
therefore arrange the sections serially. VV^e have printed as many of the available summaries as were possible in one issue, 
and expect to follow up .sul)sct|uent issues.— Kd. vScience and Culture. 
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Physics 

The Role of Applied Physics in Industry 
P. N. Ghosh 


'pilRRH lias bcitfi a wry inlcrcstiiit* I rend in 
applied physics by which ^rcat branches of its 
specialised interests have been appropriated by 
special groups of applied i»hysicisls who call Ihein- 
sclvus engineers as soon as a systematic iiietlnKl for 
the apt)lication of its i)rinciples has lieen developed 
in special fields. Professor (Ihosh explained the 
t)Osition of the applied ])hysicists with reference 
to its role in industries, first, for those industries 
which arc based more upon ancient art which has 
l)Gen developed largely by practical experiences. 
The * second category embraced those industries 
which have been built upon recent scientific dis- 
coveries, •e.g., coiiiniunications, air transportation, 
motion t)ictures with sound and colour accoinpaiii- 
nieiits, illumination and generation and diverse 
ajiplications of the electric power. The third cate- 
gory included those groups whose activities rest on 
the basis of other sciences such as, chemistrv, 
biology, etc. Here one finds the chemical indus- 
tries, the industry of drugs and medicine which 
though not directly derived from physics but to 
which physics is contributing an ever-increasing 
as.sistance through tools and measuring instruineiits, 
methods and interpretative concepts. Por the field 
of medicine, the X-ray has been marvellously 
develoi)ed for diagnostic examination and for 
therapeutic treatment of certain glandular discjrdcrs 
and growths, notably cancer. 

Professor (Thosh dealt first with building and 
metal industries which repre.sent the class having* 
age-old traditions behind th.cm. Next he took elec- 
trical power imlustry which has been effective in 
revolutionising all modern industries, then refri- 
geration industry, which is the direct outcome of 
laboratory investigations. Prom the modern indus- 
tries he chose automobile and aeronautic industries, 
the last bcyig the youngest of the lot and still 
in the adult state retiuiring constant help from 
researches in' ai)plicd physics. 

Kuildino Inou.stry 

Here one finds that all our structures built to 
. date, rest on earth and a fairly large part of the 


world’s construction cost is in working tlie earth ; 
yet thrmigh the tcnturies the very bottoms of oui 
luiildiiigs have been designed on an empirical basis. 
The first International Conference on Soil Mechanics 
and Poundatij)!! b'ngineering held at Harvard 
Tiiiversity in the summer f)f has disclosed a 

wealth of outhM)k and previous lack of under- 
standing of some of the essential aspects of the 
subject. • Por the most ])art the formulae used fin* 
estimating the behaviour of s«)ils have involwd such 
drastic assumption as seriously to imi)air their 
validity for anything like general appli<falion. The 
analytical approaches to soil mechanics sugge.sted bv 
Pettersoii, 'lerzaghi, Jurgeiison and others appear 
to Ik* far more inoniising than any of the old 
methods they sui)ersede. The so-called bearing 
values of the major soil tyjKs emlxxlying an accu- 
mulation of ])ractical exi>erience, obviously took no 
account of numerical factors inlluential in partic\dar 
.set of conditions and were uncertain to a degree 
and often demanded uneconomical factors of safety 

and expensive procedures of foundation design. 

• 

The aj)plications o^ these? ideas h:ive been tested 
ill some of the structures tlesigiied and constructed 
within the last two yeais and it has been bmnd to 
be very satisfactory. 


Mkt.\i, Indu.sTrv 

Historically, it is more than a i>robability that 
the first metal industry was entirely one of applied 
phy.sics. If as many archaeologists and historians 
believe, gold was map’s first industrial metal, it 
was recognised by its colour, and its high siiecilic 
gravity was used as a basis ff)r its separation fnjiii 
the lighter rock-materials. The “panning” opera- 
tion is pre-historic in origin. It^ is however used 
l>roliftcally even today, not only in the prosi>ecting 
for gold but aksej for many other heavy minerals, 
’riie operation is indeed based on the application of 
Stoke’s law. In the “ore flotation” process, there 
is the application involving ^surface tension and 
adhesive phenomena. . 
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The theoretical iinderstandiiij; of the nature of 
metals necessitates a close exaininatioii of their* 
structures as vvoll as the lattice constants. The 
mechanical properties of difTerenl structures formed 
hy iron and carlxjii are now being correlated with 
the theoretical ideas concerning the strength of 
materials. There is a striWng difference between 
the structures i>roduced by alloying two metals than 
those obtained by the coiiiljinatifm of two elements. 
When examined by means of K-rays, each of these 
intermelallic pliases is found to have its atoms 
arranged in a definite manner. Spectroscopy in the 
hand of the applied ])hysicist has opened ui> possi- 
bilities for a rapid iiuantitative determination of the 
different ingredients of ferrous and iKjn-ferrous 
alloys. 

bj.IXTKICAl, POWKK INDITSTKV 

Mectrical ]>ower industry, is little more than 
half a century old and is the direct oiwlconie of 
physical research. 'I'lie first electrical engineers 
were the great physicists- -I'Celviii, Weber and 
others. Tile common electrical units -volt, ampere, 
ohm, henry, farad, watt with one exception are 
named after renowned physicists, 

Ijmiting the subject to generati(»ii and distribu- 
tion of power, an aspect of phy.sic'al investigation 
was first referred to, which has come to the fore- 
front recently, r/.:., the electric discharge iii gases. 
The extent of the subject can l)e realised from the 
fact, that the jaesent practice ol' power .ueneration 
begins with the production of alternating curretit 
from about 11,000 to ,V),r)oo volts. Thiit voltage is 
then stepped up by traiisfoiiwcrs to .1 value suitable 
for transinissimi over short or long distances ranging 
from to 2S7 kilovolts ; this la.st value being used 
for traixiiiiission across a tlistaiicc (jf ^/jo miles. 

In the tran.smission •lines, as a .seriops distur- 
bing factor one encounters the high voltage heavy 
current discharge-lightning. This has led to the 
provisi«)n of the lightning arresters. In the recent 
introduction of the “pnitective tube” type arrester 
the spark gap is so ingeniously designed that the 
discharge passes down a tube made of fibre. 

Considering the conversion of a.c. power to 
d.c., one finds the inliH>duction of an arc formation 
device through the mercury vapour. The mercury 
arc rectifiers have been rapidly replacing the 
dynamic type of. machinery for conversion purposes 
in railway, imliistrial and electnx’hemical processes. 

The problem of insulation plays an important 
role in the development of electrical power industry. 
Consefiuejitly there has l>een a continuous flow of 
researches in the fielfcof dielectrics, — gaseous, Ihiuid 
and solid. Of outstafiding interest during the past 


few' years is the progress in the develoimient of new 
insulating materials of lK)th idastic and ceramic 
types. Numerous classes of synthetic resins have 
also been developed. Since November, 19.^4 about 
one thou.sand new trade names for resin offered as 
insulation have appeared. • 

The rapid expansion of wire and radio com- 
munication systems after the cl( 5 se of the World War 
in 191S has necessitated the development of various 
ooniinunication industries utilizing the results of 
fundamental researches. « , 

*rhe ease of tiansmi.ssion in» message and broad- 
cast programme ielepboiiy is more complicated since 
it involves a large freipiency band, viz., 100-4000 
c.p.s. for message and ^>1" broadcast pro- 

grammes. One of the ino.st recent advancements in 
communication art lias l)een the wide hand trans- 
mission on circuit between two stations to give a.s 
many as 2^n ur higli graile teleiflionc channels 
simultaneously, 'fhe freciueticy range employed has 
been ■o6-rt.>:;4 Mc/s or Mc/s depending 

upon the nnniher of channels. Such imilti-channel 
carrier systems are worked on coaxial cable •on four- 
wire principle. 

The mr)sl important l>ranch of conmiunicatioii 
industries is the nianufaclnre of thermionic vacuum 
tiilH*s, which depends a great deal on physicists. 


RKl'Kr(‘.KK.\TH>N Inoustkv , 

Refrigeration was horn in the lahoratoiy. The 
first imliistrial a])plie.'itioii w’as the production of ice. 
The first commercial refrigerant was tile ammonia 
gas which on comprcs.sion iiiiiiefies and the (|iiicl< 
evaporation of the liipiid results in reduction of 
tem])cralure, so tlial heat is abstracted from the 
container siiflicieiit to freeze the water in it. Tlie 
realisation of the Jonle-Thomson effect under proper 
conditions later led Linde and Ilamp.sun to design 
and build iiiaehines for liipiefaction of air for 
niidustrial puri>oses. 

Other properties of material are also being 
utilised for ohlainiug extremely h)W temperatures. 
Advantage has been taken of tile magnetic iiroperties 
of matter to apin'oacb it very closely. 

Cold .storage has been developed within the last 
few years to such magnitudes that one could find 
now the refriger.'ited space in ships bringing food 
to (beat Britain alone amounting to .not less than 
hundred million cubic feet. 

Besides the ordinary ice, one finds now’ the 
industry of skffid carbon dioxide coming to the fore- 
front. It is rather wonderful that a product, which 
>vas used only in the physical lalxiratories yi 1926,'* 
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has Ix^coiiic in hare fourteen years’ time an iinporlaiit 
connnodily. 

Soon ^ifter the introduction of the air liquefac- 
tion processes of Linde and Ilainpson, oxy.eeii and 
iiitroj>en are separated l)y processes of rectificati*>n 
frtv^ li<iuid air. In 10.^8 thousand million on. ft. 
of oxygen has lK*en coiisuined in the weldin.e 
industry. Today single plants are in operation 
which produce as much as So tons f)f nitrogen per 
day to he used in the manufacture of cyanamide, 
the nitrogenous fertiliser forme<l hy passing nitrogen 
gas over heaU*d calcium carbide. In 1804 Uayleigh 
and Ramsay dis('ovyred argon as constituent of our 
atmosphere and now the lain]) industry alone con- 
sumes ten million cu. ft. of argon extracted from air 
every year and at present one thousand million 
lamps filled with argon are manufactured hy the 
different lamp industries of the world. The annual 
saving in the light hills of the world exceed many 
million ])ounds. 

AUTOMOHII.K I NDl’STRY 

Ln the automohile industry properties of 
materials ranging fn)ni cast iron to the varied 
types of ajloy-steel, aluminium and its alloys, 
re4uired to form the different meinhers of the engine 
and its i)ower-traiismitting mechanism are the suh- 
jecls of physicists. Steel is reiiuired having ])ro- 
perties to stand high stresses under high temperature 
ef)udilions, high torsional rigidity and hardness to 
resist friction and wear under extreme conditions. 
In its body hnilding, one must know how far one 
.'•hould exceed the elastic limits under different 
conditions and to attain the desired plastic deforma- 
tions. The theoretical iiiter]»retalion of the action 
of lubricants awaited the work of Osborne Reynolds 
in 1880. The specific case of the journal hearing 
was first satisfactorily treated by vSoinmerfeld with 
the assnm])tions of liipiid incominessiliilily , absence 
of turbulence and independence of viscosity on 
inessnre and rate of shear. 'I'lie la.st conference on 
lubrication held at Hague pointeii out the various 
factors relating to the liiiuid lubricants mainly from* 
the theoretical standpoint and it was found that in 
the present state of our kiiowleilge it is difficult to 
apply any set formulae. The question of film 
rui)ture is another factor concerning the contraction 
of the fdm, once it has Ikch jiierced by i)rojections. 

Secondly, the thermodynamical asjiect of the 
conversion Af heat into motive i»ower comes into 
prominence here. The understanding of this iiro- 
cess and the information secured froirt sjiectroscopic 
observations have recently resulted in the design of 
some of the modern tyjie of high speed engines. 


In the stmly of fuel injection in the working 
chamber, one has to con.sider the action of 
carburetters, which by proper mixture of air and 
li(|uid fuel, i>roduces the spray. The present state 
of the theory of exhaust is in a rather ujisatisfactory 
state. Quite iLCently a number of experimental 
studies are being V'oml.ucled to secure materials for 
the proi)er development of the the»>retical a>pect. 


AkK( ».\ MITICAI. I NDP.STKN’ 

Air trans])t)rtalif)ii as such is the youngest of 
any of the industiies so far discusseil. All the 
]»roblems of aeronautics are essentially physical in 
nature ami it is therefore mit strange that it has 
furnished an unusual field for the intensi\’e u.se of 
applied physics, 'file theory of the aircraft struc- 
tures is concerned with the transmission of the air 
forces from the surfaces wheie they aiise ami to the 
useful load which they carry. In ion \’on Karman 
showed that by ]>roper "stream lining" the jtressure 
drag could be conqiletelv eliminated, 'fhere was yet 
another factor, namely, the friction eiicountereil by 
the moving binly in motion. This hi^s been the 
.subject of study by Prandtl who showed that the 
iiPluence t)f friction was ccmlined to a thin ‘boundary 
layer’ close to the surface of a body moving through 
the atinosiihei'e. 

Professor ('•ln)sh then drew attention to the i»art 
which applied physics is now i)laying in agriculture, 
land survey, meteorology and biological sciences. 
In the different industries such as, the textile, 
paper, glais, rubber, abrasives and in vari»)ns other 
industries, large and sjnall, the un.seeii inthieiices of 
phvsical methods and appliances are ceaselessly 
working for better inoduction and icoiioinic develop- 
ment. Illumination of our highways, schools, work- 
sho])s, public ])laces of .amusement indicate the 
useful character of the application of physics. He 
also mentioned the different asjiects of vibrations 
ami forced oscillations in its different effects, modi- 
fying onr siicial well-being, and in this connection 
referred to the llilita railway ilisastar. The noise 
and SJUind nieasuremenls are increasingly becoming 
important in otir tmxlein city life. Last but not the 
least is the coiitrib\>tion of ai>plied ]diysics to 
industries in the different measuring instruments. 
In our land survey and in the control of every 
industrial process, the measurement of jiresstire, 
force, energy, freiiueiicy and / numerous other 
mechanisms are finding jilace. h'or interchangeable 
parts of machinery and equipment, precision gauges, 
jigs, ruling engines, projection devices are becoming 
more and more evident. 



Geology 

Palaeogeographical [Revolutions in the Indo-Burmese Region 

and Neighbouring Lands 

M. R. Sahni 


111 liis i>residc*ntial address Dr M. R. Salmi Rave 
a short account of palaeoj^eograpliical history of the 
Asiatic coiiliiiciit from Vindhyan to Devonian times. 

Diinii;^ the Vindhyan period according to 
Dr vSahni a marine sea extended from the present 
Vindhyan mountains to as far as Behap This 
marine .sea has been named as the South Vindhyan 
sea. Accordinjr to him a series of more or less 
connected marine basins existed from Afghanistan 
or even from Iran alon^^^ the Himalayan region, 
Assam, Burma and parts of China. 

The similarity in lithological characters between 
the Vindhyan beds and the Cambrian strata of Iran 
and Salt Range has been poinle<l out by Dr Sahni 
and this similarity in lithology according to him 
imlicates only arid conditions of deposition in these 
areas throughout Ixith the jieriods and he concludes 
that the Vindhyan strata predate the Cambrians 
and the two. cannot be correlated. 'I'fie deliipte 
evidence that could lx: grfthered regarding life 
tluring the Vindhyan ixriod was the genus lu rmoria 
chapman. 

The disctivery of Upper, Middle and Lower 
Cambrian strata in Iron has shown that 'the vast 
Cambrian .sea extended from America via China, 
Burma and the Himalayan region, vSalt Range to 
Fran and perhaps to the IX:ad Sea. Though the 
Asiatic Cambrian sea and the Kurotiean Cambrian 
Sea remained abhost separate and distinct there are 
indications of intermingling of these two seas only to 
a very slight extent. vSuch intermingling is shown 
by isolated trilobite species of the Dead sea region 
showing affinity with British forms. It may lx of 
interest to point out that the Iranian Cambrian 
fauna is allied more to the far Indo-Chinese rather 
than to the vSalt Range or Central Himalayan faunas 
and Dr Sahni suggests that they probably indicate 
dislinet horizons within the Cambrian sequence. 

According to tlkj available evidence, the sea 
retreated from the v^ole of .Western Asia during 


Ordovician times. Traces of Ordovician graptolites 
ai>pear however to have Ixen discovered, but there 
seems to lx no definite record. One of the ;nost 
imiM)rtant and intriguing problems of the Ordovician 
of Southern Asia is the anoinaloiis po.sition of the 
Himalayan and Burmese Ordovician faunas. Con- 
siderable emphasis is invariably laid on the fact that 
while the Burmese faunas arc more closely allied to 
those of Europe, the Himalayan forms show 
American affinities. The composition of the two 
faunas is also entirely different. In the intervening 
region between America and tbe Himalayas, that is, 
in China and Burma there is hardly any record of 
American types of Ordovician fossils. The vexed 
proldems as to how these American fauna reached 
the Himalayan region puzzle the scientists and have 
given snfficienl f(K)d for speculation and suggestions. 
These arc some of the ])roblems that are discipssed in 
tile i)resideniial address and it ap])ears that more 
intensive work would be necessary to give satisfac- 
tory explanation of these quCvStions. 

From the available evidence it may be said that 
the land conditions prevailed in Western Asia 
tlirongbout the Siliiri.an period. 

Althougb the sharp faunal contrast as in the 
Ordovician, is si;ll maintained in the Lower Silurian 
of the Himalayas and Biirina, yet considering the 
jiaiicily of the Himalayan fauna loo much emphasis 
cannot be laid upon this point. In this connection 
Dr Salmi has drawn pointed atlcnlioii to the entire 
abiviice of graptolites in the Himalayan vSihirian and 
their abundance in Burma and China. 

While the whole of Asia appears to have 
remained a land area from the close ctf the Lower 
Silurian to the end of Upper Silurian, a minor 
transgression 'with an American type of fauna 
invaded parts of Yunan, 'Ponkin and the neighlxur- 
ing region tex the east of it in Upper Silurian times. 
There is therefore a profound physical as well as 
faunal hiatus in their Silurian faunas, for the Lower, 
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Silurian faunas have European affinities while the 
Upper Silurian possess an American stamp. 
Dr Sahni has suggested that the intercommunicating 
pathway l)etween Kurope and Asia probably lay 
north of the Central Himalayan region across 
Ru^ian Turkistan and Tinian whence Silurian 
fossils have been obtained. 

The commencement of the Devonian witnesses, 
one of the most interesting episodes in the geology 
of southern Asia namely, the sudden influx of a 
fauna which bears no relation to the faunas of 
immediately surrounding regions, but is a prototyi»e 
of the far Meditcrfaiicaii Lower Devonian fauna. 
It is the fauna which is represented in the Bohemian 
region by the well know’ii Hercyniaii facies. The 
most interesting and imz/.ling fact alwuit this 
/Cebingyi fauna is however not its isolation and 
Hercyniaii affinities, but its composition, which 
makes the <|uestion of its exact age indeed a per- 
plexing problem. The ([uestion of advent of this 
South Iuiro])ean fauna and its probable ])ath\vay of 
migration has been discussed in the pai)er. Dr Sahni 
has hgw'ever, assigned a Lower Devonian age to the 
Zebingyi' beds inspile of the presc'iicc of vSilurian 
graptolites. Another problem discussed is the ]ilaco 
of origin oT the Zebingyi fauna, .as fossil evidences 
show that Shan region was not llie birth place of this 
fauna. 

The close affinity of the Kifeli.an fauna of the 
Shan region with what of ('icrmany shows free inter- 
communication and iai»id migration in spite of the 
long distance separating them. 


The marine transgression which took pkacc in 
Middle Devonian times has few* parallels in the 
geology of Asia. This resulted not only in the 
intcriniiigling of the Asiatic fauna of different 
regions, but also in the removal of barriers of 
Asiatic and iCuropgan life iiroviiices wliicli gave rise 
to similar faunas in widely separated regions. The 
record of the upiier part of the Mitldle Devonian 
(divetian .stage) is less clear in Western Asia as well 
as ill the Himalayan iiegion luit evidence shows that 
transgression during tliis period flocxled the ])reseiit 
region of the Kweii-lnn and Tiaii-shan iiioniitains. 

Regarding Upper Devonian lime Dr Sahni has 
drawn attention to the iv.uieity of record in the 
Himalayan region which was then presumably a 
land area. But Upl‘er Devonian str.ita are <leveloped 
in tile Cliinese basin, in tlie region north of Tibet 
and west of the Himalayas. It is therefore, probable 
that the Upper Devonian fauna migrated eastwards 
from Western Asia via the m.'irine basin north of 
Tibet while the MitUlle Devonian fauna found a 
passiige way s»)nth of the Tibet region, i.c., via the 
Himalayan geosyncliiie. Against lliis, however, are 
the views expressed by Bailey Willis W'hi> considers 
that Tibet was an island practically thnniglmiit the 
Balaco/.f>ic era. On aeconnl of limited geological 
evidences, Dr Sahni in conclusion c*m])hasi/cs that 
the final judgment on these vaiious eomplieated 
palaeogeographical iirobleiiis (‘an be left only to 
systematie and ('oiiliniied future work. 

A. N. C. 



Geography and Geodesy 

Conservation of India’s Natural Resources 

S. M. Tahir Rizvi 


/ 1()NSl''U\"A'riOX of naturjil resources is a timely 

field of aclioii in India. The growth of popiila- 
tioii ill this siihcoiUiiieiit has been accomiiaiiied by 
an iinprecedented destniclion t)f the natural land- 
.scape. The scientific RcoKiaphy though still in its 
infancy in India is contribiitin>» to the field of 
conservation both theoretically and practically. 
Studies in sy.steniatic and re.i^ional ).;eo>'raphy are 
.ereatly helpini; to build up our knowledKe of our 
natural resources and the tirobleins arisiii)L» fnmi their 
exploitatioi^. 

As the subject is a very wide one, the address 
was limited to three aspects of the t»roblem, con- 
servation of mmIs, forests and water resources. 


S< )Ib 

The sr>il of a nation is its most inateriaHierita.i»e. 
It is subject to certain changes when cultivated or 
pastured. The critical aspects arise wlien chaii.t’es 
in soils that are subject to l^uman manipulation •are 
left to take a* degenerative course, or are improperly 
directeil, and when known means of maintaining the 
soils near their vir^iin level or raising* them to higher 
levels of pnxluctivity gre not employed. These 
critical aspects obtain rather generally in* India. 

Krosioii constitutes a threat to the principal 
factor in our country’s security our indispensable 
agricultural lands. Under natural vegetative condi- 
tions, erosion ss normal or geologic; but under 
cultural practice— the process is speeded to abnor- 
mally <lestructive rates. There are broadly speaking 
three types of erosion : sheet ero.sion, gully erosion 
and wind erosion. The harmful effects of these 
three forms of soil erosion go far Ixjyond the removal 
of the valuable top-soil on which plants depend for 
their nourishment. The direct effect on pastures 
and grazing lands is to reduce the capacity of land 
for carrying livestock. 

Krosion also has indirect results, of which the 
most important forcis in India is the dumping of 
large (piantities of salal in th® river beds so that the 


bed must inevitably be raised •and thus aggravate 
the effect of flfKids. Another effect is to increase the 
severity of the intervening drought periods. This is 
l>ecause each small stream in the foot-hills discharges 
perha[)s 8o or even oo per cent, of heavy slorms 
within an hour or so, and only a very .small part 
of the rain soaks in the bare ground. 

DKFoUKST.VrrON AN1> SniT, h'KOSTON 

Deforestation and soil erosion not ohly jnteiisify 
floods and reduce the cold weather discharges of 
surplus streams but they also threaten the sul>-soil 
water supply and impoverish the soil and reduce the 
output of agriculture. 

American research has found that during the 
years lo.kS-.vi the rate of run-off from ciniipletely 
denuded kinds, such as is only too common on the 
banks of some of our rivers, .such as the Jumna and 
the Chambal, is twenty titnes greater than it is from 
preserved forests. During one month of the flocxl 
.season in Southern California, a watershed, which 
had been burnt out 4 years previously, was denuded 
of i2o,f>oo cubic yards of top soil or a depth of r/| 
inches per sipiare' mile. On a similar watershed 
burnt out ig years previously, the denudation rate 
was one-tenth of this, while in a watershed fully pro- 
tected for the h it fifty years the same rainfall only 
gave a denudation rate of one-thirtieth of this. 

f 

There are e.xteiisive waste and ravine lands 
in Agra, Muttra, h)tawah and the adjoining 
districts. 'I'he ravines of the Jumna and the 
Chambal river form a practically conijiact mass 
the e.xtrenie length of which is 70 miles and 
the whllh alnjut 13 miles in the centre. Natural re- 
production here invariably dies down as Sfxm as the 
rains cease. The natural vegetation ?)f the ravine 
land lias been destroyed by uncontroHed cultivation 
wherever the* soil is fit for this, and by uncontrolled 
grazing, reckless destruction and by fires elsewhere. 

Some of the worst erosion is evident in the 
Punjab Sivvaliks, a range of hills skirting tlie^ 
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Himalayas where the hill grazier has aoeojupanied t)r 
followed the wo(xl-cntter and effecti\ely denuded the 
soil of its protective jdaiit cover. In many places 
damage is not confined to the eroded slopes, furthet 
de.strnction being caused by torrents {cJios) ft>rmcd 
by liully erosion, that swee]) down the sloi)es during 
the nions(H)n. The cho is characterized by the steep- 
ness of its gradient ajid the violence and irregularity 
of its discharge. The torrent carries much suspended 
material which is deposited on the less steep lower 
sloiK'S in a characteristic detrilal cone which conti- 
nually incteasirs in radius and width. Tlie c/mv 
debouching on to tJie cultivated sandy plains silt 
up the original drainage channels formed when hill 
en>sion started, and the floods are forceil out owr 
wide areas. The floods .subside as suddenly as they 
.start, and all the water is lost to the land. 

There is evidence that a hundred years ago 
the chos ran between well defined ban>«:s, and in some 
places i)ereniiial streams that c<nild be used for irriga- 
tion issued from the hills. Ueclamation might 
possibly 1 k‘ effected by closure of the land so that 
first grass, and then forest, could be re-established. 
Secondly, a dra.slic reduction in the suri»lus grazing 
anini.'ds is indispen.S{d>le before any conserva- 
tion programme can become effective. Beyond the 
most acute crisis of the whole land problem, there 
exists the ifiiysical fact that there can be no per- 
manent cure (»f floods or iMeveiitiou of stream and 
reservoir .silling until run-off is better eontmlled, all 
the way from the erust of ridges down across the 
watersheds where ffixMls origin.ate and silt loa<ls are 
j)icked lip, on to the very chamielways of streams, 
which have limitations upon their earrying caiuicily. 


h'oKK.ST AND I'l.O')DS 

It has been often stated that a forest cover in 
a drainage basin materially reduces floods but 
forested areas are not free from the hazard of flood 
damage. Although the effect of forests upon ruii- 
ufT has often l)een overstated their effeetiveiie.ss should^ 
not be depreciated. 

Ade<jnate flood protection is largely dei»endent 
np«>n engineering .stnieliire^ but the fiavNl c<ivei 
.should l)e con.sidei'ed as a supi»lementary i»rf>tcctive 
measure. A closely forested area with its absorptive 
leaf-litter delays run-off stmiewliat and gives greater 
seasonal uniformity to the discharge of the streams. 
Probably the*most important effect of the forest cover 
is not in its effect upon .surface run off but upon its 
l>rotection of the soil, which in rugge<l areas is 
su.scx‘ptible to removal, and when both the forest 
cover and the absorptive t(7]»soil have l)t*en removed, 
all rains, no matter what their spacing, yield rapid 
•fun-off.^ . • 


Due to the reckless exlerininalion of forests by 
man or through exce.ssive grazing, fires or over- 
cultivation, the area covered by forests in the United 
Provinces has been reduced to .j per ceut (>f the total 
area of the province and is confined alnu)st entirely 
to the hills and syb-montane region. It has been 
estimated that about per eeiit of the area of a 
country should be covered by forests. Large areas 
of forest land have Ixeii cleared for cultivation, 
which should never have been (beared as the soil is 
poi>r and incajmble of snpi)orling field crops year 
after year. 

'Pile renewable charactei of forest makes for a 
very practical phase of consei valion. W’ith sufficient 
forethought, the country’s resourees can be kept at a 
level more nearly commensurate with its needs for 
wood proihicts and other forest services, and, at the 
same lime, much of the land which is now nni>n)duc- 
tive hnt suited to growing trees may be put to use. 

WaTKR IvI'.SOUKCKS 

The problem of the nianipnlatioii of the 
enormous amount of water which falls in India 
varies with the humidity or the aridity of tlie 
area. Bvaporaiion, riin-off and ground soakage are 
not nnibuni, and unwise practices iiiav increase 
run off to a danger point and destroy the balance 
set lip by natural agencies. Among the many 
IM'obleins of water are the c«)ntrol of floods, whieh, for 
examj)le, Juive caused great losses of life and property 
in the eastern Uangetic plain ; the control of low 
w’ater staged which have hindered navigation, as on 
the* (hinges ainl the ^Iralimapiilra rivers, or have 
caused losses of crops ; its nse for navigation, power, 
water sujiply for cities and towns, and the leiiioval 
of refn.se from liouses and factories ; the., erosive 
tendencies of rain and slreains ; the silting of streams 
and coiikeipient deposition when stream flow' 
decreases ; its n.s<- for iirigatioii ; the maintenance of 
the gromid water supply and the stabilization of the 
water table, ainl the n.se of water as a reereatioiial 
appeal. A water policy of the iManitry slionld be 
.so e.stabli.she(l as to yield the greatest benefit possible 
fiiMii oiir water resources and be .so regulated as to 
serve the greatest need. At all events, one nee<ls 
take the stand that water is a liighiv valuable source, 
loo pigcions to l)e wasted. 

In some places in India, the water table has l>een 
lowered beyond the level ol enitaVnev l»y stripping 
tile vegetation cover, as in excessive deforestation, and 
in the processes of extensive eultivation, soil erosion, 
and ditching. As an extreme examjfle may be 
limited the serious rcdiiclion in the ba.se level of the 
Jiiinna River where flooding an/ scouring Iris lowered 
its bed at Ktawah sixty feet iir the la.st five centuries 
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with a correspotidiiift fall in the siiring level, 'fhc 
fokl weather level of the river is often i2o-2(X) feet 
below Ihe surroiimliiiK country. The eflFect of this 
upon the jiround water supplies is obvious. 

The chief characteristics of the Indian rainfall 
are its iine(pial distribution throughout the country, 
seasonal irrej^iilarity of precipitation and liability to 
failure or ]>artial deficiency in many tracts. Hut, 
within individual tracts, remarkably wide variations 
in t*>tal annual rainfall are fofind. Such tracts in- 
clude practically the whole of the Punjab and Nhirth- 
West I’Vontier Province, the United Provinces except 
the stib-niountain rej>ions, Sind, a lar^e portion of 
Hihar, most of the Madras and Hombay Presidencies, 
funittins^ the coastal l»elts, and portions of the Central 
ProvincL-s. The concentration of the princiiial rain- 
fall in lc*ss than v third of the year places a very 
definite limit on the a‘;ricullure of the country. Thus 
our agriculture cannot afford to depend exclusively 
on rainfall and it lieconies necessjiry to provide the 
agriculturist with suitable irrigation facilities. 

USK OF W/VTKK PoW'FK 

The principal sources of power available in India 
are coal, wood fuel, oil, wind and water. Most of 
the coal raised in India comes from Hengal, Hihar and 
Orissa (the Goiuhvana coal-fields). Outside these pro- 
vinces, coal is obtained from Hyderabad Slate, Central 
Provinces, Assam, the Punjab and Haluchistan. Kaj- 
putana, Hikaner and Central India also contribute a 
small amount to the total coal supplies 'of India. 
Indian coal is thus very unevenly distributed, the 
deficiency being especially marked in the case of, the 
peninsula. The absence of coal supplies coupled 
with the high C(.st of railway transport acted as a 
great handicap to the growth of industries and this 
had to "be overcome partially by the use of hydro- 
electric power. Many of*the Indian forests are, how- 
ever, confined to hilly tracts from wdiich lraiisiK)rt is 
a matter of great difficulty and expense. Moreover, 
it is doubtful whether the supply of w(M>d fuel could 
keep pace with the demand for it for industrial pur- 
] loses. The position with regard to India’s oil re- 
.sources has coiniiletcly changed due to the separation 
from India of Hnrma from which nine-tenth of the 
indigenous petroleum was obtained. As the ])o.ssi- 
bility of the oil bearing areas in Haluchistan, the 
Punjab, As.sam, etc., must still l)c regarded as pro- 
blematical, it would be unwise to place much reliance 
on this particiuar form of power. There are, 
however, fair prospects for the development of 
water power resources at our command. These 
have lieen limited so far on account of the seasonal 
character of the min fall making costly .storage 
works indispensable^ lu spite of this limitation, 


there are many iiotential possibilities of tremen- 
dous importance and wdthin recent years considerable 
attention has been given to large hydro-electric 
power schemes. 

Pl/X>DS AND FtOOD CONTROI. ^ 

M(mk1s are results of many conditions working 
singly or in combination. ^ Usually no single 
cause* can lx; assigned the whole responsibility. 
The immediate cause of most flooils, however, 
is the excessive run-ofT from precipitation of 
high intensity, though many other Conditions may 
be iicce.s.Sciry to cause a great ffiKxl. As high water 
menaced periodically the homes of the people the 
protecting dyke or embankment became one of the 
first methods of defence against floods. One of the 
simplest and most individual methods of flooef, pro- 
tection is channel improvement. Kmbanknients are 
very commonly associated w’ith other local preventive 
measures used along the smaller as well as the major 
streams. Further the problem of flo(xl protection 
may be i)artially solved by the use of preventive w’orks 
in the head stream area of a drainage basin. Under 
certain conditions these storage reservoirs .uo't only 
provide a solution to flood problems but may lie used 
for other purposes such as water .supply, power, 
irrigation, etc. 

Tiik Rksfonsiiuijty for Fi.i^od Contkoi, 

The prevention of floo<ls is a responsibility which 
extetuls beyond the limits of the inundated area. 
The problem of flw)d control, however, is rather 
.strictly confined to the drainage basin, v^o long as 
control measures involve only riverine works the plan 
w^ould reipiire the co-operation of river-side com- 
munities but as control is extended to include pre- 
ventive measures the whole drainage basin should 
be organised into a unit. The ob.staclcs wdiich make 
difficult the realization of this ideal are many, and 
probably will stand in the way of a strictly regional 
organisation bas'xl upon the hydrographic basin. The 
co-operation should include not only an inter- 
* provincial agreement but also a uniformity of laws 
to facilitate the work connected with flood control. 
The State’s re.sponsibility also extends to finance the 
op<*rations. For such jiurposes excc.ssive expendi- 
tures may be justified, but there should be a careful 
scrutiny of all flood-control plans to make certain 
that tlic Ixjiiefits to lx; gained eipial or exceed the 
cost of the protective w’orks. , 

The spirit of conservation of natural resources, 
the president emphasized in conclusion, demands 
that we should recognize limitations to our in- 
dividual rights in the matter of natural resources, 
and render best .services in the execution of local, 
provincial and national projects of conservation, . 



Zoology 


Some Aspects of Mammalian Placenta 

A. SUBBA RaU 


term ‘placenta* has l)ccii defined by various 

ailthors. But according to the tiutlior, Mossiiian*s 
definition is at once brief and apt. Mossmaii states 
that “the normal mammalian placenta is an apposi- 
tion or fusion of the foetal membranes to the uterine 
mucosa for physiological exchange.** 

Vm-ious methods of classification of placenta of 
mammals’ have been attempted from morphological 
standpoint. The well-knoun types are the yolk-sac 
placentae and the allantoic placentae. From naked 
eye examination the placenta was also classified as to 
be diffuse, nmltiplex, zonary, cotyledonary or dis- 
coidal. The author has then given the classifica- 
tion of Weber (caducous and non-cad ucous), Huxley 
(deciduaje and non-deciduate), vStrahl (placenta vera 
and semi placenta), Robinson (conjoined and 
apposed) and Asshetou {placcnla cumulate and 
placenta plicate), who followed the binary system. 
But Otto Grosser has established a system of classi- 
fication which has general approval and which con- 
stitutes a distinct advance over the binary system. 
He rcco^rnizc.s 4 types which may lx? summarized as 
follows : — 

A. riaccnta cpithelio-chorialis type as exempli- 
fied by the placenta of the pig in which all 
maternal tissues are preserved, the* foetal 
trophoblast being apposed to the uterine 
epithelium . 

B. Placenta syndesmo-chorialis. In this type 
the uterine epithelium disiippears to a large 
extent ; and the trophoblastic epithelium is 
brought into contact with the maternal con- 
nective tissue as in the sheep. 

C. Placeftia cndolhelio-chorialis constitutes the 
third type in which, with the disjippearance 
of the uterine epithelium and connective 
tissue, the foetal trophoblast -comes into 
contact with the maternal capillaries as in 
.the carnivores. 


1). Placenta Jiacma-clufrialis type in which 
uterine epithelium, connective tissue and 
maternal capillary endothelium disapi)ear 
with the result that the maternal blood 
circulates in the lacunae formed by the tro- 
pfioblast as in Kcxleiitia, Isectivora, Cheirop- 
tera, Anthropoid Apes and Man. 

Histology of the placental tissue has enabled us 
to understand to some extent the functional signi- 
ficance of the relationshi]) of the foetal and maternal 
tissues. It is well known, however, that the foetal 
bh)oil is always separated from maternal blood- 
stream and the nature of separation differs widely in 
different types of placenta. 

The c;xchange of material between the mother 
and foetus is conditioned by a variety of facb^rs 
]>eculiar to tach type of placenta. 'I'he normal re- 
(luir^nieiits of the foetivs comprise ])roteins, carbo- 
hydrates, fat, water, salts and vitamins. The pro- 
teins are transferred as amino acids to the foetal 
bhxxl but the exact nature c)f transference in different 
ty]>es of placenta is not kmvvn and research in this 
line will yield valuable information. 

The rate of absorption and utilization of the 
carbohydrates by the mammalian embryo is known 
to some extent. In view of abundance of monkeys 
in India, the author suggests that an extended in- 
vestigation on Frimates other than man may be 
carried on in this line. 

But the information rcg.-irding the transport of 
fat from the maternal to foetal blood stream is 
wanting. Recent researches have changed our ideas 
alx)Ut the tran.sport of fat. From th<6 works done by 
various authors (Sinclair, McConnel, Bickenlxich and 
others) it is now held that the fats may either pass 
directly across the placental barrier to the foetal 
bhxxl, thence to the foetus by way of the umbilical 
veins, or that the maternal pl^enta may tact as a 
.secreting organ, taking ‘up the Pat from the maternal 
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blood stream, and passing it on to the foetal blood 
with or without modification. The views expressed 
alxjvc do not lead us very far, for we should bear 
in mind that the enzymatic activity of the tropho- 
blastic cells may also play an important part. 
Further, the fat content of^ placenta decreases 
gradually with age. ReinVcsligalion in these lines 
promises fruitful results. 

Our knowledge with rcg.ard to the nature of 
placental enzymes is meagre and a well-planned 
study, as Needham suggests, of a placental tyi)e 
which is readily separable into maternal and foetal 
parts is urgently necessary. 

There is a considerable lack of reliable informa- 
tion al)oui the role of vitamins other than that of 
‘E’ which are sui>plied to the growing embryo. No 
information is also available about the mineral 
metabolism in the inammalian placenta. 

Foetal respiration is the next iraportavt function 
of the placenta. Tt has been observed that the 
passages of two gases in oi)posite directions are deter- 
mined by a variety of circumstances depending upon 
the nature of the placental structure, llaemogiobiii 
is the vehicle of ga.seous exchanges but its cfFcct uf)on 
the respiratory activity needs consideration. The 
recent researches of Barcroft and his collaborators 
have demonstrated that the foetal haemoglobin 
differs from that of the mother. A imich more exten- 
sive study with different mamtnals is, however, 
necessary to .see whether the structure of placenta is 
in any way affected by the nature of foetal haemo- 
globin. The studies of Boor and Hektx'ii indicate 
that the carbon monoxide haemoglobin from different 
mammals is species .specific. It may, therefore, be 
as.suined that the respiratory functions of placenta 
are varied in different species of mammals. The 
whole phenomenon could be solved if the physico- 
chemical properties of the placental baVrier with 
reference to the rate and inten.sily of exchange of 
materials are known. 

With regard to- phylogeny of placenta two views 
arc extant. A^ccording to many zoologists (Hill, 
Grosser and others) the cpithclio-chorialis type is 


primitive and the haemochorialis type is highly 
specialized. The other view (supported by Wislocki, 
Mossman and others) is that the haeino-chorial ty])c 
is primitive and that all other types are secondarily 
derived. An unbiassed analysis of available data 
tends, however, to support the former view. Bu2 the 
most essential point is the foetal nutrition, the 
adequacy of which may Ixj said to determine the 
normal development of the foetus. A vast amount 
of information regarding nutritional requirements of 
l)regnant mother is available, but it can by no means 
i)e .stated to l>e complete. The aifthoi^, therefore, 
suggests that the newly eslabliijhcd ante-natal clinics 
in Indian Maternity Hospitals are in a Ixttcr position 
to take up the subject of nutrition of the pregnant 
mother for serious research. 

The works of ])hysiologists, biochemists and 
medical men have amply proved that efficient nutri- 
tion exercises an enormous influence on the general 
welfare of the animal and indirectly on the quality 
of the germ -cells which are formed afresh throughout 
the greater part of life. Recently, progressive govern- 
ments have established Nutritional Research Labora- 
tories to emiuire into the nutritional needs of live- 
stock and man. These laboratories, li^ive already 
turned out very valuable works of national import- 
ance and it may be hoped that attention would also 
be directed to a study of foetal nutrition. 

From a rapid glance ihroiigb zoological 
researches in India it appears that they are mostly 
morphological in the widest sense. These nun-pho- 
logical studies, however useful and essential, must 
be made more dynamic. It is suggested tli.'it in 
India, as in the otlier more advanced countries, 
zoologists ought to lake up experimental methods 
in their investigations which would yield very 
valuable residts. 

Ill conclusion the author pleads for a co-opera- 
tive effort by the zoologi.sts, physiologists, sjiccialisl 
medical men and bioclicmists in a well-planned 
study of foelal nutrition. 

;. L. B. 



Agriculture 

. Plant Breeding and Genetical Work in India 

K. Ramiah 


mainly with Iwt) of the nunt 

imiw)rtanl crops of the country, rice and 
cotton, Mr Ramiah describes at the outset the 
l)raclu:al results of plant brccdin^^ in the country 
by the spread of improved types evolved l)y plant 
breeders and the consetpient increase in the produc- 
tion of the country. In this connection he draws 
attention to Ihe rather low acre yields of crops in 
India and emphasized the necessity of improving the 
agricultural statistics of the country, the figures now 
availalde* are considered inaccurate. India is an 
old country, a big continent, with very divergent 
climatic conditions and rainfall, and the crops in a 
greater portion of the country have to depend upon 
the vagaries of the monsoon. It would not l;)e there- 
fore fair to compare acre yields of India as a whole 
with yields of similar crops in other smaller coun- 
tries. He points out however that intensive 
methods’ of cultivation combined with the growing 
of improved types, have produced in isolated tracts 
acre yieUls comparable to those in other countries. 

The methotls of plant breeding which consist 
mainly of exiiloiting the genetic variability either in 
natural populations or hybrid progenies are then 
brielly discussed with Indian examples of the results 
of plant breeding. In this connection a brief 
reference is made to the (piestion of growing mix- 
tures rather than pure types and certain advantages 
in favour of the practice, obtained from* actual 
cxi)erimenlal data with cotton, are ix)inted out. 

A fair amount of genetical work duriug the last 
twentyfivc years in India has tended more towards 
confirming the universal applicability of the original 
Meiidelian laws and their later extensions rather 
than directly contributing to the improvement in 
plant breeding practices. This is due to the fact 
that such genetical studies have, in the past, con- 
cerned themselves iiiuiiily with cpialitaliv'e characters 
whereas, what the plant breeder is really interested 
in refers mostly to plant characters which are quanti- 
tative in their inheritance and controlled by a large 
number of genes, each probably having only a small 
•effect and impossible to distinguish in the later • 


generations of a cross. The accumulated know- 
letlge ill genetics has, however, been of great value 
to the plant breeder in that it has given him a clearer 
concei)tion of his problems and a better under- 
standing of the pruce.sscs involved in his work. 
Similarly, the advances in cytology are of interest 
to the plant breeder in that they provide the 
chromosome interpretation of species relationship, 
the conception of polyploidy and the explanation of 
sterility and peculiar forms of inheritance. The 
knowledge that physiological characters like resis- 
tance to disease are also genetic in their Ix'havionr 
has been of practical value and breeding for resis- 
tance to special diseases forms an ever increasing 
and important item in the activities of the crop 
Ixitanists in India. There are already several ex- 
amples of types bred with this end in view. The 
genetics of quantitative characters involves special 
statistical nnethods and improvement in the breeding 
technique so that, the variance in the breeding 
mat^riid can lx; divided up into portions due purely 
to environmental cffects*and portions (l;te to genetic 
causes in the succe.ssivc generations. The work on 
this aspect with special reference lo cotton is in 
progress at Indore. 

The problem of heterosis is of i)ractical beneiii 
in vegetatively reproduced and naturally cross- 
fertilized crops. Hybrid maize is meiilioned as the 
► most outstanding example nl the practical applica- 
tion of the theory of heterosis in revolutionizing the 
production practices of an agricnltiiral crop. With 
regard to correlations iK'tween 'characters in crop 
plants, they may be cither physioh>gical or genetic, 
and it is necessary lo collect all jiossible information 
on the correlation of characters in crops. The 
(luestion of using a “discriminant fii^iclion’* in plant 
breeding which involves the obtaining of critical 
evidence as to what quantitative characters are more 
influenced by environment than others so that the 
least variable character might be used as a criterion 
for making selections in the hijcr generations of a 
cross is under study at .Indore yith special reference 
to cotton. The importance of the problem of wide 
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crosses and the study of the range of variability in 
a wide' collection of crops, which aspects have come 
to the forefront t>ecause of the Russian work and 
the recent . advances in the study of polyploidy is 
then dealt with. The (piestion of crosses between 
species and crosses l>etwcen egeographical races 
within the species is their discussed with several 
examples in rice and cotton and indications given 
as to the most fruitful lines of attack. The serious 
limitations which arise in the getting of all desirable 
combinations from wide crosses are then discussed 
and the necessary imKlifications in the breeding 
technique explained to overcome the difficulties. 

Due to various causes, genetic and iion-genetic, 
the strains evolved by the plant breeder do deterio- 
rate after being grown by the cultivators for a 
period. The complaint of such deterioration in 
simple selections from natural populations of self- 
fertilized crops is shown to 1)C due mainly to noii- 
geiietic causes while deterioration due to genetic 
causes may result in croiis where the theoretical 
homozygosity for any particular (piantitative charac- 
ter is impossible of achievement. A very careful 
maintenance of a nucleus of pure stock of seed in 
experimental stations and a systematic scheme of 
.seed multiplications is stated to the only method 
at the <lisposal of the breeder to check such deterio- 
ration, and this should re<iuire greater vigilance 
and control when the strains released for distribu- 
tion happen to be highly bred. 

Unlike other aspects of agricultural research, 
plant breeding work is capable of gitMiig returns 
several times in excess of \vhat is actually spent on 
it. It has the additional advantage that the 
result of plant breeding research are taken up 
readily by the cultivator as it involves no additional 
exi)endilure on his parU While .actual plant breed- 
ing work on crops involves a considerable amount 
of local adaptability and hence has to be carried on 
at several centres, there seems to be necessary to 
centralize at a few centres the basic researches. The 
only body that can be expected to take interest in a 


systematic programme of genetic research in crops 
is the Imperial Council of Agricultural Research. 
ITiis body is already financing several schemes of 
croj) research in the Provinces and States, but 
probably with the exception of a few, such schemes 
are more of a local interest only. There is gpreat 
scope for not only intensifying the programmes of 
basic research but also to co-ordinate the work done 
all over India to avoid duplication and waste of 
effort. Involved with the question of basic research 
on crops is the question of the introduction of crops 
from outside and also exploration of key regions to 
obtain forms of value to the plant breeders. Tlierc 
is now enough evidence to show that certain regions 
in India which, if explored, might give new forms 
in several of our cultivated plants. The obtaining 
of wild forms and the incorporation of useful genes 
from such forms into the cultivated types is now 
recognized as a practical line of attack in crop ini- 
l>rovemcnt. It is suggested that a Bureau of Plant 
riulustry, somewhat on the model of a similar 
organization in United States of America, might be 
formed in India under the auspices of the Imperial 
Council of Agricultural Research. This body might 
l)e entrusted with the carrying on of Ixasic research 
on crops at suitable centres, co-ordinating the results 
of such research in Provinces and States, taking 
charge of the introduction and trial of new crops 
from outside and exploring key regions for obtaining 
new forms of crops already under cultivation. 

The recent developments in genetics hffve l^eii 
very diverse embracing several aspects of biological 
research, namely, physiology, taxonomy, ecology, 
cytology, etc. This nece.ssitates a change in the 
outlook ill the teaching of these subjects in our 
universities, and in conclusion Mr Raiuiah makes a 
strong plea for a larger share of genetics in the 
syllabuses of honours courses in biology in the 
universities and for a greater co-ordination between 
the agricultural departments and the post-graduate 
university departments of biology so that a greater 
output of basic researches in the country may lx.* 
possilde. 



Physiology 


Some Observations on Sleep 

B. B. Dikshit 


The classical experiments of Pavlov on 'coiuli- 
tioned reflexes’ have shown that sleep is due to the 
inhibition of localised centres in the cerebrum spread- 
ing; over to the whole of the cerebral cortex and 
thereby bringing about internal inhibition and sleep. 
Doubts have however Ix^en cast on this theory of 
sleep and it has been claimed by some workers that 
decorticated dogs in whom conditioned reflexes can- 
not operate, also can sleep. Kurther, existence of a 
‘sleep cetitrc* in the mid -brain has now Ixfen 
recogilised by many neurologists and Prof. Hess of 
Zurich has shown that electrical stimulation of certain 
hyi-wthalamic ceiitre.s I)y specially constructed elec- 
trodes can promptly produce a condition resembling 
sleep in cats. Pieron, who first advocated the 
chemical theory of sleep, thought that a substance 
having a hypnotic action is present in the cerebro- 
spinal fluid of dogs aitificially kept awake for pro- 
longed periods. He termed this substance 'hypno- 
toxin*. Since Pieron’s publication of his chemical 
theory, a number of substances such as calcium salts, 
compounds of bromine, choline derivatives, etc., have 
been introduced into the cerebrospinal fluid of 
experijiieiital animals and as sonic of them jiroduced 
a condition resembling sleep, claims have been made 
for them as ‘sleep-producing hormones’. Acetyl- 
choline is one such substance which has lx*en -ex- 
tensively studied in this connection. 

The slowing of the heart, fall in blood i)ressiu;e, 
contraction of pupils, depression of rc.spiratioii, and 
several other phenomena occurring during sleep led 
Prof. Hess to believe that .sleep is a parasynipatlictic 
phenomenon. Clinically, attacks of asthma occurring 
more commonly during sleep and the successful treat- 
ment of nacrolcpsy by sympathomimetic drugs like 
ephedrine support Hess’s view. The relation l)etween 
the parasyilipathetic nervous system and acetylcholine 
has now been well established and from this |M)int 
of view the claim of acetylcholine acting as a ‘sleep 
hormone’ appears to have some basis. 

ff 

If this viewpoint has to l)e logically supi)ortcd, 
it is necessary not only to show that a ‘sleep hormone’ 


produces its action on the sleep centre but it must 
alst> Ik* deinonstrateil that it occurs normally in the 
brain, that its action on brain centres are reversible 
and that the effects of its application to the brain 
centres resemble as closely as possible the effects seen 
nonnally during sleep. Purther, it must be shown 
exi>erinientally that this ‘hormone’ accumulates 
aroiuur the sleep centre during sleep and disiippcars 
from there on awakening. 

In support of the ‘chemical theory’, it may be 
.said that acetylcholine produces sleep when applied 
to the brain centres, it occurs normally in the brain 
and it disiippears from a particular site due to the 
action of an enzyme- choline esterase. Its action on 
the different systems of the body, when applied to 
the brain, resembles some actions seen during sleep. 
Thus, it is (piite well known that during sleep the 
bl(x>d pressure falls slightly, the heart beats s<-)me- 
what .slower, the resi)iratory centre is depressed and 
musciilau movements are inhibited. Acetylcholine 
ihjected into the lateral ventricles of the brain pro- 
iluces all these symptoms. Furthe,Y, api)lication of 
acetylcholine to the hypothalamic centres produces 
cardiac irregularity and it is a common clinical ex- 
perience that in persops suffering from certain 
irregulifiily of the heart, the irregularity is increased 
at the unset of .sleei). It is a cominou experience in 
the tropics that the secretion of sweat is increa.sed 
at the commencement of sleep and it has been found 
that intravciitriciilar apiilicatioii of acetylcholine pro- 
duces sweating in man. It shoiild be noted tJiat 
when acetylcholine is iiitrtKluced into the ventricles 
of the brain it affects all centres lining the ventricular 
system and therefore its action may be nuR'h more 
complicated than that seen after liberation of the 
ester at a locali.sed spot in the brain. Still, as dis- 
ciussed aI)ove, the effect of iiitra/ciitriciilar injection 
of acetylclu)line resembles in many instances the 
effects ])!(Kliiced by iiornial sleep. 

The crucial test of the ‘horinoiic theory’ of sleep 
must luiwever rest with iheyictual dempiisti atioii of 
accumulation of the ‘liorrjone’ around the sleep 



( 14 ) 


centre during sleep and its disappearance from there 
on waking. It has not yet been po^ible to obtain 
this direct evidence about acetylcholine, though the 
indirect evidence presented above is fairly convincing. 

Diurnal periodicity of sleep in man is more a 
habit than a physiological necessity and therefore, 
it may, as has been advocated by Pavlov, l>e depen- 
dent on the cerebral cortex. We are accustomed 
to sleep under certain conditions and any change in 
these conditions may cause slecp‘lessness. Thus, a 
different pillow or a different bed room may prevent 
sleep. There is, however, always a limit to this 
sleeplessness, and when the real physiological 
necessity for sleep arises, it is possible to sleep in 
most adverse conditions. Instances have been 


recorded during the last war when men were ‘riding 
‘or marching while actually sleeping. Further, if 
sleep is a conditioned reflex it is difficult to under- 
stand how a new born baby sleeps from the moment 
it is lx>rn. The sleep of polyphasic animals like 
the rabbit who have more than ten periods of sleep 
and activity during twenty four hours is also 
difficult to understand from this point of view. 
Sleep as a physiological necessity therefore cannot 
be said to be entirely dependent on the cortex and 
the function must be assigned to the hypothalamic 
centres. All experimental evidence seeifi to' indicate 
that this hypothalamic centre catj be activated by 
acetylcholine and therefore it is not improbable that 
acetylcholine may, in the near future, be recognised 
as the true ‘sleep-producing hormone*. 


B, M. 


Psychology 


Psychology and ihe Future of Mankind 

1/ Latik 


It aiipears that modern civilization in whose 
friendly sui)port man had placed his implicit confi- 
dence is likely to prove his most dangerous foe. Tlis 
supposed safety and stability within civilized •■society 
is now being exposed as an illusion and the destiny 
of the human race is becoming increasingly dark and 
uncertain. Not only have the i)crils of his physical 
sijfety been increased, but due to irratioiwl control 
over his fundaiiieiitnl natural urges his sanity is I>eiug 
steadily impaired. The number of the victims of 
psychogenic disorders is definitely on the increase. 
The records of the United States of America show 
1 50, OCX) suicides annually. Crime is progressively 
thriving in our luoderii society. There is unmistak- 
able rise in cases of^ neurotic disorders, domestic and 
martial disruptions,' and deliiuiuencics. Mankind 
appears to be inextricably involved in a vicious circle, 
so that mental disorders, crimes, political unrest, 
wars and unhappiness dog its steps at every turn. 

The most pathetic aspect of the situation is the 
profound ignorance of tte leadiitg intellectuals con- 


cerning the real causes of the manifold di.sorders with 
which mankind is afflicted. Consetiuently little or 
nothing has been done to alter this situation. Few 
attempts have been done to explore the mental 
dynamics of the Homo Sal>icns in a scientifically 
objective manner in order to discover the underlying 
causes at work. Without i)ropcr study of the mental 
dynamics it is not pos.sible to understand adecpiatcly 
and remedy effectively tlie present trouble so as to 
ensure the .sanity and stability of the human race. 
Withoi.l the help of psychopathological insight and 
Icchnitinc, the situation will for ever remain an inex- 
tricable mystery and a constant menace to mankind. 

Several factors have obscured the importance of 
the knowledge and application of the findings of 
psychological research in the scientific study of human 
affairs. In tlie first place, the extraordinary progress 
of the physical sciences has naturally led to the 
relegation of the mental determinants of human 
behaviour into the background. The bias for physical 
scuiiices characterizes the mental outlook of a majority 
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of our leading scientists. But there is a inore> 
important factor. The indifference and hostility to 
psychology can be traced, in the last analysis, to the 
great unwillingness of man to face himself. It 
appears that a large majority of the op])onents of 
f^ychology are people who by the rigid restraints of 
modern culture are unable to encounter calmly the 
contents of their own mental make-up. Their indiffer- 
ence to this science is, to. a large extent, a defence 
mechanism against the possibility of the revelation 
of ccrtayi mental dynamics which arc, so to siiy, 
looked Uf)on as contrabands within the social eiiviron- 
incnt of modern •culture. With his extraordinary 
insight into this fact Sigmund Freud has clearly 
demonstrated how human beings can ill-afford to 
endure any shock to their narcissistic sclf-compla- 
ccncy and that contempt for any scientific tcchni<iue 
which bids fair to ensure self-knowledge to the indi- 
vidual is very often used as the principal weapon of 
the resistance. This resistance incidentally is a 
measure of the mental health of modern society. 

It is a false notion that the mental structure of 
the civilized individual is fundaineiitally different from 
that of his savage aiice.stors. The vast and varied 
data now available in the field of psychoanalytic 
research clearly iiulicnle that fundamentally the sjunc 
mental dynamics which motivated the behaviour of 
his savage ancestors thousands of years ago, still, 
under the gloss of nuxlcrii culture, continue to 
determine the conduct of modern civili/cd man. 
RchiiM man’s facade of rational conduct there exists 
a primitive mental structure which regulates his 
individual and social life. Modern man has not been 
able to shake off the influence of the primitive pro- 
cesses which existed in the darkest phase of human 
development. 

To understand how the siivagc elements of our 
nature remain generally unrecognised in our conscious 
iiiiiid it is necessary to have knowledge of the psycho- 
logical mechanism of ‘repression’. Uepression is a 
process through which an impulse which comes injo 
conflict with a strong cultural demand is driven into 
the unconscious. This process is further aided by 
another unconscious mechanism called projection 
through which the individual unconsciously responds 
to the conflicting urge by an effort to deny its exist- 
ence within himself and by attributing it ‘to an 
external object. The latter, to some extent, accounts 
for the ext»raord inary conviction with which certain 
paranoics aUributc guilty motives to their ncighlMMirs. 
This also to a very large extent explains the almonnal 
zeal of the religious fanatic or the hypercritical prude. 
The more violent is their condemnation of others, the 
stronger are their repudiation and fear of these 
impulsps within their own lives. 


It has been said above that the trend of the 
current events seems to indicate that mankind is 
steadily heading towards self-destruction. The onlv 
way of escape consists in the intelligent use of 
scientific psychology in effecting the mental and cino- 
lioiial re-ad jii.stments , which appears to be incumlxjnt 
on human society today. A .society which has deve- 
loi>ed the use of scientific psychology is already on 
its way to sanity and stability. It may be said that 
every individual is gifted with a reasonable degree 
of common sense which enables him to make the 
necessary adjustmeiit in his life without the help of 
scientific psychology. But it is not the conscious 
aspect of human behaviour which alone stands in 
urgent need of being scientifically understood and 
readjusted. The vast and unchar tered field of one’s 
unconscious motivation must also be clearly cognized 
and rationally re-oriciiled. Common sense without 
Ihe hell) of psychological knowledge and tcchni(iiic 
is unable to meet the recpiiremeiits of this complicated 
task. 

The following arc some of the ways in which 
psychology can help human sf)ciety to readjust itself 
so as lo secure its future stability. In llic first place, 
since the present crisis in the affairs of mankind is 
mainly due to the irratimial restraints which society 
has come to e.xercisc on the instinctual demands of 
the indivuhial, it is of fundamental importance lo 
correct our attitude towards these demands. In the 
second place, psychoanalytic treatment must be made 
more generally available than it is at the present 
moment.^ Then, the work of ensuring the sanity of 
iVankind throngli psychological control should lH.‘gin 
in the nnr.sery. The psychological upbringing 
of the child is the fir.st stci) towards the 
mental health »)f the adult. The education of the 
child must be permeated llirough and through with 
the mcyiods and principl’cs of chilli psychology and 
mental hygiene. It is necessary to urge the need 
of p.sychological clinic for children. All that parents 
and teachers can do, if they have received psycho- 
logical trainijig, is to avoid those cases and conditions 
which may lead to the formalion (Jf neurosis in their 
children. But they cannot treat a neurosis after it 
has .set in. Clinical tiel)^ is essential in such cases. 
The help of psychological clinics is specially needed 
in the treatment of cases of juvenile deliiKiucncy. In 
this connection it has to be mentioned tliat i>arciits 
should Ik; enlightened about llicir obligation to the 
cliildreii in the field of sex education. A large uumI)or 
of sexual maladjustments have their roots in the 
subtle lies with which parents had attempted to dis- 
courage accurate knowledge on the pai:t of their 
child Another way in wkich psychology will lx; 
found to have supreme valu)s for the task of social 
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re-orientation is the application of its scientific 
findings in the field of vocational selection. 

Various lines of evidence point to the fact that 
ijiankind has rcached a critical point in its life history 
where tw^o alternatives irrevocably confront it. It 
must either seriously set about ^he fask of emotional 


.re-education and mental re-orientation towards pro- 
blems of human life and experience, or it must face 
the alternative of self-extermination. Re-ediication 
of man is the present task of psychology. 

S. K. B. * 


Engineering 

Hydrodynamic Models as an Aid to Engineering Skill 

. C. C. Inglis 


In this address, in which large numbers of refer- 
ences and examples are quoted lo substantiate his 
statements, the author says “there are few subjects 
concerning which so much confusion of thought 
exists as on the correct role of hydrodynamic models. 

There is a marked tendency for engineers either 
to hold that models give highly reliable results, or 
that they are iintrustworthy, and must be viewed 
with grave suspicion. * 

The main reason for this confusion is due to 
hydrodynamic 'models Ixjing of several markedl*y 
different types, ^iorne giving highly accurate results, 
while others produce results which diverge widely 
from wha^t occurs in the prototype ; so that river 
conditions must first lx; translated to model equiva- 
lents and model . results translated back Ka river 
equivalents.** He divides niorlels into /i main types. 

Type I covers models w'hich give similar results 
to those of the prototype provided care is taken to 
reduce friction lo.s^cs proiiortioiiately or t<i allow for 
divergences. This type includes a large proportion of 
geometrically similar rigid models dealing with dis- 
charge coefficients, lines of flow at offtakes and 
standing wave relations, including scour downstream 
of falls. 

Type II consi.sts of geometrically similar models 
which do not givu gconielrically similar results. 
Important exceptions arc quoted. In the case of 
high co-cfficients weirs, co-efficients of discharge 
increase with depth and also with scale of weir. 
Similarly, the specific gravity of slabs of submersible 
bridges whi^i just do liot get washed away, ineVeases 
with scale. ^ 


Tyi)e III covers mobile bed models in which flow 
pattern is the dominant factor. Piers and groynes are 
given as examples. It is explained that the* channel 
in which a pier is placed follows one law, whereas 
scour in the vicinity of the pier follows another. 

Type IV deals with vertically-exaggerated river 
models of three types: — 

(tt) rigid 

(b) .semi-rigid 

(c) mobile. 

(fl) In rigid river models the usual practice is to 
fix a suitable vertical-exaggeration, estimate the 
ineaii roughness recpiired, and then verify slopes for 
known discharges. If the slope is in error, the rough- 
ness is altered until it becomes satisfactory. This is 
a slow inocess ; because clianges made in one i>art 
of the model affect other parts. Then again, though 
the model may give .satisfactory results with one 
discharge, it may give unsatisfactory results with a 
larger or smaller discharge and a uniform roughening 
will not give correct results. A large amount of data 
and much patient ‘trial and error* work is therefore 
necessary. After such verification it is assumed that 
correct levels will be obtained for conditions outside 
the verified range —as, for instance, in a flood of 
greater magnitude than previously observed or when 
different slopes and local intensities of flow occur, 
due to peak flopds in tributary streams reaching the 
main stream at different times from those of previous 
recorded floods. Such models can undoubtedly give 
most valuable information as regards flood levels, 
lines of flow, and points where violent action will 
occur nndcr such conditions ; but the model, •being 
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rigid, cannot give direct information about scour, 
which must be inferred by the experimenter, nor will 
the flow for such conditions be correct ; because 
in nature heavy scour would cause marked changes 
in ^conditions. 

Type IV (6) : In semi-rigid models the sides, 
and in some cases large parts of the bed, are held. 
This, by making it practicable to enforce a vertical 
exaggeration in excess of what is natural, makes it 
p(^ihle, yhile retaining the same Froude Number 
as in the prototype, to increase the slope, and hence 
the silt charge. • 

This makes it possible lo reproduce similarity 
much more accurately than is possible in a fully 
mobile model and so simplifies intcrpretatiim. On 
the other hand, it imposes conditions throughout the 
length of the model and the model cannot .scour its 
l)anks, which are rigid, nor change its course ; and if, 
as is generally tlie case in India, the <iuestion we 
desire to investigate is ‘future changes of river course 
and the secondary effects of such cliaiigcs’, we must, 
when' ipsinj^ models in which the sides arc held, 
l^redict the changes and the rale of those changes, 
to enal)le us lo determine the secondary effects which 
will result from those changes. 

Type IV (r) : In 1929, Gerald I.acey of the 
United Provinces (India) prcxluced a set of regime 
formulae for constant conditions of discharge and silt. 
Under such regime conditions there are only two 
independent variables (excluding temperature) : dis- 
charge and silt. Lacey’s formulae slated in terms of 
these two variables are : 

P 2 667 
R = 0*472 
V - I '1347 1 fR 
S — ■ofj<J542f 

Where Q = discharge ; f -- a silt factor, 

p = wetted perimeter ; ■ • , 

R - hydraulic mean depth ; 

V = Velocity ; and - slope. 

The first three of these formulae have been con- 
firmed by several years’ statistical investigation in the 
Punjab where the mean silt diameter is of the order 
0*32 nuns. tf=r‘o). Froni the first two of these 

formulae it is seen that p - the hydraidic shaix; ratio 

—is not a coirslant but varies inversely as 
Ill other words, the smaller the disch^irge and the 
finer the silt, tlie greater the depth relative to the 
width* ;rrshowing that vertical exaggeration in models 
is a natural law. * 


Slope exaggeration varies as ® ; so that 

whereas a coarser silt increases ‘slope exaggeration’, 
it ^iecreases ‘vertical exaggeration’ ; and SPVVE, 
which has been generally a.ssumed ecpial to unity in 
model work, varies as f5/3+^/3<x f^. Lacey’s assuinp- 
lion that channels’ in incoherent alluvium are .semi- 
elliptical in shape, leads to his formulae giving a 
limiting veUnuty of o‘S82 ft. /sec., irrespective of silt ; 
because 

P/R-2W-62H-7T2V. 

It was found at Poona that this value tallied 
approximately with tlie velocity at which silt of 
0.03 mills, mean diameter just ceased lo move in a 
natural channel ; and, on idotting all data available, 
it was found that the velocity at which silt ceased 
to move varied approximately as (V -Vrt), where 
V~ mean velcx'ity, and Vrt the velocity at which 
silt ceased to move ; Inil whereas T^-icey’s limit was 
nnaffeclcM by size of silt, Vrt varied approximately 
as nd^^, where m-mean diameter of silt in 
niilliiiietres. 

From this it follows lint silt movement, always 
relatively much less in a natural nmbile mo<lel than 
in its prototyi^c, will start in a river with a relatively 
low diseliarge and will continue until the discharge 
again finally falls to this same low value ; whereas in 
a model, with a flood velocity of say 1*5 ft. /sec., silt 
movement will not begin until the discharge is ecpii- 
valeiit to aliout half the flood discharge. This is a 
serious limitation in mobile river models which can 
onlV be partially neutralised ])y sealing up small dis- 
charges in the model or increasing tile slope. 

Another complication is tint whereas in rivers 
the greater part of the silt is in suspension, in models 
most of the silt is in the form of bed sand. ' 

Further complications result from vertical exag- 
geralHiii of rigid stniclnres and bank slopes. The 
width of scour caused by groynes and other rigid 
.structures is greatly exaggerated in models, due to 
the depth being exaggerated while the How pattern 
is similar in shape. 

Vertical exaggerativn of the banks of models also 
tends to e.stablisli dcei)er channels along the banks ; 
and as steep banks exceed the angle of repose of all 
excel)! rigid materials, natural bank scour is pre- 
cluded. In jjraetiec, therefore, , the choice lies 
between rigid, steep, sides, and inobile, and hence 
relatively flat, slopes, which lake up much too great 
a width of the model. 

Longitudinal distortion is yet another difficulty. 
Normally lougitudinal, scale is equal to latitudinal 
scale ; and vertical exaggeration is made equal to 



slope exaggeration. This is done to prevent? 
distortion in plan. This means that the length scale 
is foreshortened to the same extent as the vertical 
exaggeration ; which means that the length in which 
new lines of flow or eddy-patterns have to become 
established in the model as ^ re'sult of changes of 
section or roughness is inadequate in the moflel to 
establish the prototype change before a further 
alteration in the angle of flow of roughness occurs. 

Finally we come to the difTiculties inherent in 
imposing correct entry conditions : No matter how 
long a model may be, entry conditions, on which 
changes in a meandering river largely depend, and 
to a smaller extent, exit conditions, must be correctly 
imposed. 

In a relatively short river model, much greater 
control is possible and much more sill can be kept in 
motion than in a longer model ; but the results alsr) 
depend to a much greater extent on the aceiiracy of 
the conditions imposed at entry, t.#?., the distribution 
of silt and curvature of flow of the water. To 
impose these;. correctly is always difficult, necessitating 
a deci) Atnderslaiuling of field conditions, which must 
be accurately diagnosed .and completely visualised 
before their effects can be correctly imposed. 
Obviously those who can diagnose tipstream condi- 
tions can also foresee, with equal accuracy, what the 
model portion of the river will do ; hence the skilled 
exi»eriinentcr knows very approximately what rcsitll 
the model should give when he is designing it and 
before he carries out experiments. 


The impression created may be that river models 
cannot be expected to give useful information. That, 
emphatically, is not my view ; but any idea that all 
one has to do is to construct a vertically-exaggerated 
scale-model of a river and that it will automatic|^lly 
give the correct answer is nonsense. 

Natural mobile models do not give similarity, but 
only results which are capable of l^eing translated 
approximately from river to model and l>ack to terms 
of river conditions ; so that results iiecessarjly diverge 
more and more as the period of ttic experiment 
increased. * 

The model divergences can, however, be allowed 
for to a considerable extent by applying data obtained 
in subsidiary experiments with part-models an^l by 
making corrections for scale effect. 

The general conclusion is that in competent 
hands, a v^ery wide range of experiments with large 
incxlels gives results of high qualitative accuracy and 
may also give quantitative accuracy ; but, in the case 
of river models, the data available is generally 
meagre, and the problems which generally havx* to be 
tackled are of immediate urgency, the discharge data 
being inadequate and the silt charge data nil, and 
wc arc asked ‘what will happen if iiolhihg is done?* 
or ‘what should be done to i)resent further damage?*. 

Satisfactory answers depend to a marked extent 
on an intimate knowledge of the engineering side of 
the problems under consideration combined 'with a 
flair for diagnovsis. 











